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(54) Diagnostic markers of acute coronary syndromes and methods of use thereof 



(57) The present Invention relates to a method of di- 
agnosing myocardial ischemia in a patient, the method 
comprising:- detemiining a level of N-temninal B-type 
natriuretic peptide (NT pro-BNP) in a sample obtained 
from said patient; detenninlng a level of at least two fur- 
ther diagnostic markers in a sample obtained from said 
patient, wherein one of the at least two further diagnostic 
maricers is an inflammatory maricer and the other one of 



the at least two further diagnostic mariners is an ischemic 
marlcer, and correlating the level of NT pro-BNP and of 
said at least two further diagnostic markers to the pres- 
ence or absence of myocardial ischemia in said patient. 
The Invention also relates to kit for diagnosing myocardial 
Ischemia in a patient and/or for detemiining a prognosis 
of a patient diagnosed with acute coronary syndrome. 
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Description 

[0001] This application is related to and claims priority from U.S. Provisional Patent Application No. 60/288,871 , filed 
on May 4, 2001 (Atty Docket No. 071 949-6501) ; and U.S. Provisional Patent Application No. 60/31 5,642, filed on August 
5 28, 2001 (Atty Doclcet No. 071 949-5501 ). each of which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the identification and use of diagnostic markers for acute coronary syndromes 
10 (ACS). In various aspects, the Invention relates to methods for the early detection and differentiation of ACS and the 
identification of individuals at risk for adverse events upon presentation with ACS symptoms. 

BACKGROUND OF THE INVENTION 

15 [0003] The following discussion of the background of the invention is merely provided to aid the reader in understanding 
the invention and Is not admitted to describe or constitute prior art to the present invention. 
[0004] ACS is a manifestation of vascular injury to the heart, aiso refen^d to as myocardial injury or myocardial 
damage, that Is commonly secondary to atherosclerosis or hypertension, and is the leading cause of death in tiie United 
States. ACS is commonly caused by occlusion associated witii coronary artery disease cause by atherosclerotic plaque 

20 fomiation and progression to either further occlusion or fissure. ACS can be manifested as stable angina, unstable 
angina, or myocardial infarction. 

[0005] The tenn "acute coronary syndromes' ("ACS") has been applied to a group of coronary disorders that result 
from ischemic insult to the heart. Patients with ACS form a heterogeneous group, with differences in pathophysiology, 
clinical presentation, and risk for adverse events. Such patients present to the physician with conditions that span a 

55 continuum that includes unstable angina, non-ST-elevation non-Q wave myocardial Infarction ("NST'-'MI"), ST-elevation 
non-Q wave Ml, and transmural (Q-wave) Ml. ACS Is believed to rosutt largely from thrombus deposition and growth 
within one or more coronary arteries, resulting in a partial or complete occlusion of the artery, and frequently invohres 
mpture of the plaque, resulting In an ischemic injury. ACS may also be precipitated by a coronary vasospasm or Increased 
myocardial demand. For review, see, e.g., Davles, Clin. Cardiol. 20 (Supp. I): 12-17 (1997). 

30 [0006] The seriousness of ACS is uriderllned by the mort)idity and mortality tiiat follow the ischemic insult. For example, 
workers have estimated that within four to six weeks of presentation with ACS, the risk of death or a subsequent myocardial 
infarction (Ml) is 8-14%, and the rate of death. Ml, or refractory Ischemia is 15-25% (Theroux and Fuster, Circulation 
97: 1 195-1206, 1998). Given that the total number of deaths in the U.S. from acute Ml is about 600,000, the search 
within the art for infonnation that relates to the diagnosis, prognosis, and management of ACS has understandably been 

35 extensive. Several potential markers that may provide such information in certain patient populations have been identified, 
including circulating cardiac troponin levels (see, e.g., Antman et al., N. Eng. J. Med. 335: 1342-9, 1996; see also U.S. 
Patent Nos. 6,147,688, 6,156,521, 5,947,124, and 5,795,725, each ofwhich is hereby incorporated by reference in its 
entirety), ST-segment depression (see, e.g., Savonitto et al., JAMA 281 : 707-1 3, 1999), circulating creatine kinase levels 
(see, e.g., Alexander et al.. Circulation (Suppl.) 1 629, 1 998), and circulating c-reactive protein levels (see, e.g.. Mon-pw 

<o et al., J. Am. Coll. Cardiol 31: 1460-5, 1998). 

[0007] Stable angina Is characterized by constricting chest pain that occure upon exertion or stress, and is relieved 
by rest or sublingual nitroglycerin. Unstable angina is characterized by constricting chest pain at rest that Is relieved by 
sublingual nitroglycerin. Anginal chest pain is usually relieved by sublingual nitroglycerin, and the pain usually subsides 
within 30 minutes. Myocardial infarction is characterized by constricting chest pain lasting longer than 30 minutes that 

^ can be accompanied by diagnostic electrocardiography (ECG) Q waves. Unstable angina is thought to represent the 
clinical state between stable angina and myocardial infarction, and is commonly associated with atherosclerotic plaque 
rupture and thrombus fonnation. In this regard, atherosclerotic plaque rupture is the most common cause of myocardial 
infarction. 

[0008] Intiammation occurs during stable angina, and markers of plaque rupture, platelet activation, and early throm- 
50 bosls can be used to identify and monitor the progressing severity of unstable angina The myocardial damage caused 
during an anginal attack Is. by definition, reverelble, while damage caused during a myocardial Infarction is In^eversible. 
According to tills model, a specific marker of myocardial injury can be used to identify myocardial Infarction. The pro- 
gression of coronary artery disease from mild unstable angina to severe unstable angina and myocardial infarction is 
related to plaque instability and the degree of arterial occlusion. This progression can occur slowly, as stable plaques 
55 enlarge and become more occlusive, or It can occur rapidly, as unstable plaques aipture, causing platelet activation and 
occlusive thrombus fomiation. Because myocardial Infarction most frequently shares the same pathophysiology as 
unstable angina, it is possible that tiie only distinction between these two events is tiie reverelbiiity of myocardial damage. 
IHowever, since tiie only distinction between severe unstable angina and mild myocardial Infarction is based on dlntoal 
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judgement, markers of myocardial damage may also appear in the peripheral circulation of patients diagnosed as having 
unstable angina. 

[0009] Current diagnostic methods for ACS commonly Include clinical symptoms, electrocardiography (ECQ), and the 
measurement of cardiac markers in the peripheral circulation. Angiography is also used in cases of severe chest pain 

s usually associated with* unstable angina and acute myocardial infarction (AMI). Patients with ACS frequently have con- 
stricting chest pain that often radiates to the neck, jaw, shoulders, or down the Inside of the left or both arms and can 
have accompanying symptoms of dyspnea, diaphoresis, pailpitatlons, light-headedness, and nausea. Myocardial 
ischemia can produce diagnostte ECG changes including Q waves and ST segment changes. Elevations of the plasma 
concentration of cardiac enzymes may reflect the degree of cardiac tissue necrosis associated witli severe unstable 

fo angina and myocardial infarction. 

[0010] Accordingly, there is a present need In the art for a rapid, sensitive and specific diagnostic assay for ACS that 
can also differentiate the type of ACS and identify those individuals at risk for delayed adverse events. Such a diagnostic 
assay would greatly increase the number of patients that can receive beneficial treatment and therapy, and reduce the 
costs associated with incon^ct diagnosis. 

15 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to the identification and use of diagnostic and/or prognostic markers for ACS, 
Ischemia, and/or necrosis. The methods and compositions described herein can meet the need in the art for a rapid, 
^ sensitive and specific diagnostic assay to be used in the diagnosis, differentiation and prognosis of various forms of 
ACS. Moreover, the methods and compositions of the present Invention can also be used to facilitate the treatment of 
ACS patients and the development of additional diagnostic indicators. 

[001 2] The temis "ischemia and ischemic" relate to damage to the myocardium as a result of a reduction of blood flow 
to the heart. The temns "angina pectoris", "stable angina", "unstable angina", "silent Ischemia" are generally related to 
25 myocardial Ischemia. One skilled in the art will recognize these temis, which are described in The Merck Manual of 
Diagnosis and Therapy" Seventeenth Edition, 1999, Ed. Keryn A.G. Lane, pp. 1662-1668, Incorporated by reference 
only. The term Ischemia is also related to what one sidlled in the art would consider as minor myocardial injury or damage. 
The temrt ischemia is further described in the Journal of the American College of Cardiology 36. 959-969 (2000), Incor- 
porated by reference only. 

30 [0013] The tenns 'necrosis and necrotic" relate to myocardial cell death as a result of a reduction or stoppage of blood 
flow to the heart. Myocardial necrosis Is a condition of the heart which Is more severe than myocardial ischemia. The 
temi "myocardial infarction" is generally related to myocardial necrosis. One skilled in the art will recognize these terms, 
which are described in "The Merck Manual of Diagnosis and Therapy" Seventeenth Edition, 1 999, Ed. Keryn A.G. Lane, 
pp. 1668-1677, incorporated by reference only. The tenn necrosis Is also related to what one skilled in the art would 

35 consider as major myocardial Injury or damage. The terms myocardial infarction and necrosis are further described in 
the Journal of the American College of Cardiology 36, 959-969 (2000), Incorporated by reference only. 
[001 4] in various aspects, the invention relates to materials and procedures for Identifying markers that are associated 
with the diagnosis, prognosis, or differentiation of ACS in a patient; to using such markers in diagnosing and treating a 
patient and/or to monitor the course of a treatment regimen; and for screening compounds and phamnaceutlcal compo- 

40 sitions that might provide a benefit in treating or preventing such conditions. 

[0015] In a first aspect, the Invention features methods of diagnosing ACS by analyzing a test sample obtained from 
a patient for the presence or amount of one or more markers for myocardial Injury. These methods can include Identifying 
one or more markers, the presence or amount of which is associated with the diagnosis, prognosis, or differentiation of 
ACS. Once such a marker(s) is identified, the level of such a marker(8) in a patient sample can be measured. In certain 

^ embodiments, these markers can be compared to a diagnostic level that is associated with the diagnosis, prognosis, or 
differentiation of ACS. By correlating the patient level to the diagnostic level, the presence or absence of ACS, and the 
probabinty of future adverse outcomes in a patient may be rapidly and accurately determined. 
[001 6] For purposes of the following discussion, the methods described as applicable to the diagnosis and prognosis 
of myocardial infarction generally may be considered applicable to the diagnosis and prognosis of stable angina and 

so unstable angina. 

[0017] In certain embodiments, a plurality of markers are combined to increase the predictive value of the analysis In 
comparison to that obtained from the markers Individually or In smaller groups. Preferably, one or more specific markers 
for myocanjial injury can be combined with one or more non-specifte markers for myocardial injury to enhance the 
predictive value of the described methods. 
55 [0018] The terni "marker* as used herein refers to molecules to be used as targets for screening patient test samples. 
Examples of such molecular targets are proteins or polypeptides. "Proteins or polypeptides" used as markers In the 
present invention are contemplated to include any fragnents thereof, in particular, immunologically detectable fragments. 
One of skill in the art would recognize that proteins which are released by cells of the heart which become damaged 
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during vascular Injuiy could become degraded or cleaved Into such fragments. Additionally, certain markers are syn- 
thesized In an inactive form, which may be subsequently activated by proteolysis. Examples of such markers are described 
hereinafter. The term 'related marker" as used herein refers to one or more fragments of a partteular marker that may 
be detected as a sun-ogate for the marker Itself. 

5 [001 9] To date, BNP and BNP related peptides have not been used as markers of myocardial Ischemia. Additionally, 
other markers of various pathological processes including inflammation, coagulation, and plaque rupture have not been 
used as subsets of a larger panel of markers of myocardial Ischemia. Preferred maricers of the invention can aid In the 
diagnosis, differentiation, and prognosis of patients with myocardial Infarction, unstable angina, and stable angina. 
[0020] The temi "test sample" as used herein refers to a biological sample obtained for the purpose of diagnosis, 

10 prognosis, or evaluation, in certain embodiments, such a sample may be obtained for the purpose of determining the 
outcome of an ongoing condition or the effect of a treatment regimen on a condition. Prefemed test samples include 
blood, serum, plasma, cerebrospinal fluid, urine and saliva. In addition, one of skill in the art would realize that some 
test samples would be more readily analyzed following a fractionation or purification procedure, for example, separation 
of whole blood into serum or plasma components. 

15 [0021 ] The temri "specific marker of myocardial injury" as used herein refers to molecules that are typically associated 
witli cardiac tissue, and whk^h can be con'elated with a cardiac Injury, but are not con'elated with other types of injury. 
Such specifte markers of cardiac Injury include annexin V. B-type natriuretic peptide, p-enolase. cardiac troponin I (free 
and/orcomplexed), cardiac troponin T (free and/or complexed), creatine kinase-MB, glycogen phosphorylase-BB, heart- 
type fatty add binding protein, phosphoglyceric acid mutase-MB, and S-IOOao. These specific markers are described 

^ in detail hereinafter. 

[0022] The terni "non-spedfic maricer of myocardial Injury" as Used herein refers to molecules that are typically general 
mari(ers of coagulation and hemostasts or acute phase rsactants. Such markers may be elevated in the event of cardiac 
injury, but may also be elevated due to non-cardiac events. Factors in the activation of platelets and the mechanisms 
of coagulation include ^thromboglobuiin, D-dimer, fibrinopeptide A, platelet-derived growth factor, pia8min-a-2-antiptas- 

25 min complex, platelet factor 4, prothrombin fragment 1+2, P-selectIn, thrombin-antithrombln 111 complex, thrombus pre- 
cursor protein, tissue factor, and von Wlllebrand factor. These non-specific markers are described in detail hereinafter. 
[0023] The temn "acute phase reactants" as used herein refers to proteins whose concentrations are elevated In 
response to stressful or inflammatory states that occur during various Insults that indude Infection, injury, surgery, trauma, 
tissue necrosis, and the like. Acute phase reactant expression and senjm concentration elevations are not specific for 

30 the type of insult, but rather as a part of the homeostatlc response to the insult. 

[0024] All acute phase reactants are produced in response to Insult, periiaps in order to handle extensive insult, even 
though some components may not be needed. Examples of classical acute phase proteins Include C-reactive protein, 
ceruloplasmln, fibrinogen, a1 -acid glycoprotein, a1 -antitrypsin, and haptoglobin. Various cytokines and related molecules 
such as insulin-like growth factor-1, lnterieukin-ip, lnterleukln-1 receptor antagonist, lnterieukln-6, interieukin-8, trans- 

35 fomiing growth factor p, monocyte chemotactte protein- 1 , and tumornecrosls factor a are components of the inflammatory 
response that are also intimately Involved in the acute phase reaction. Such cytokines are released into the bloodstream 
from the site of insult and are capable of thenlselves inducing expression of other acute phase proteins. 
[0025] Other non-specific maricers of myocardial injury Include markers of atheroslcerotic plaque mpture. An athero- 
sdoerotic plaque consists of accumulated lipids, smooth muscle cells, connective tissue, and glycosaminoglycans. 

40 Vessels containing such plaques have reduced systolic expansion, abnomnally rapid wave propagation, and progressh/ely 
reduced elasticity as plaque formation progresses. A plaque may progress to severe stenosis and total arterial occlusion. 
Some plaques are stable, but others which are rich in lipids and inflammatory cells typically have a thin fibrous cap and 
may undergo spontaneous rupture. These unstable plaques are more closely associated with the onset of an acute 
ischemic event. Therefore, markers of atherosclerotic plaque mpture may be useful In the diagnosis and evaluation of 

45 potential ACS victims. Such maricers of atherosclerotic plaque rupture indued hurpan neutrophil elastase, inducible nitric 
oxide synthase, lysophosphatldic add, malondialdehyde-modifled low-density lipoprotein, matrix metailoproteinase-l , 
matrix metalloproteina8e-2, matrix metalloproteinase-3, and matrix metalloproteinase-9. 

[0026] Other non-specific maricers of myocardial injury may include caspase-3, hemoglobin a^, soluble intercellular 
adhesion molecule-1 and soluble vascular cell adhesion moleciile-l. 
so [0027] The phrase 'diagnosis" as used herein refers to methods by which the skilled artisan can estimate and even 
determine whether or not a patient is suffering from a given disease or condition. The skilled artisan often makes a 
diagnosis on the basis of one or more diagnostic indicators, i.e., a maricer, the presence, absence, or amount of which 
Is Indicative of the presence, severity, or absence of the condition. 

[0028] Similariy, a prognosis is often detemr^ined by examining one or more "prognostic indicators." These are maricers, 
55 the presence or amount of which in a patient (or a sample obtained from the patient) signal a probability that a given 
course or outcome will occur. For example, when one or more prognostic indicators reach a sufficiently high level in 
samples obtained from such patients, the level may signal that the patient is at an increased probability for experiencing 
a future event in comparison to a similar patient exhibiting a lower maricer level. A level or a change In level of a prognostte 
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indicator, which In turn is associated with an increased probability of morbidity or death, is referred to as being "associated 
with an increased predisposition to an adverse outcome" in a patient. Preferred prognostic marl(ers can predict the onset 
of delayed adverse events in a patient, or the chance of future ACS. 

[0029] The tenn "correlating," as used herein in reference to the use of diagnostic and prognostic indicators, refers to 

5 comparing the presence or amount of the indicator In a patient to Its presence or amount In persons known to suffer 
from, or icnown to be at risk of, a given condition; or In persons i<nown to be free of a given condition, i.e. "nonnal 
individuals*. For example, a marker level In a patient sample can be compared to a level known to be associated with 
a specific type of ACS. The sample's marker level is said to have been correlated with a diagnosis; that is, the skilled 
artisan can use the marker level to detemilne whether the patient suffers from a specific type of ACS, and respond 

10 accordingly. Alternatively, the samplers marker level can be compared to a marker level known to be associated with a 
good outcome (e.g., the absence of ACS), such as an ayerage level found In a population of nonnal Individuals. 
[0030] In certain embodiments, a dlagnostte or prognostic Indicator Is con^elated to a condition or disease by merely 
its presence or absence, tn other embodiments, athreshoid level of a diagnostic or prognostic indicator can be established, 
and the level of the indicator in a patient sample can simply be compared to the threshold level. A preferred threshold 

IS level for markers of the present Invention Is about 25 pg/mL, about 50 pg/mL, about 60 pg/mL, about 75 pg/mL, about 
1 00 pg/mU ebout 1 50 pgMiL, about 200 pg/mL, about 300 pg/mL, about 400 pg/hiL, about 500 pg/mU about 600 pg/mL, 
about 750 pg/hiL, about 1000 pg/mL. and about 2500 pg/irnL. The term "about" In this context refers to 10%. 
[0031 ] In yet other embodiments, multiple detennlnation of one or more diagnostic or prognostic markers can be made, 
and a temporal change In the marker can be used to determine a diagnosis or prognosis. For example, a diagnostic 

^ Indicator may be detemnlned at an initial time, and again at a second time. In such embodiments, an increase in the 
marker from the initial time to the second time may be diagnostic of a particular type of ACS. or a gh^en prognosis. 
Likewise, a decrease in the marker from the Initial time to the second time may be indicative of a particular type of ACS, 
or a given prognosis. Furthermore, the degree of change of one or more markers may be related to the severity of ACS 
and future adverse events. 

25 [0032] In yet another embodiment, multiple determination of one or moris diagnostic or prognostte markers can be 
made, and a temporal change in the marker can be used to monitor the efficacy of appropriate therapies. In such an 
embodiment, one might expect to see a decrease or an Increase In the marker(8) over time during the course of effective 
therapy. 

[0033] The skilled artisan will understand that, while In certain embodiments comparative measurements are made 
30 of the same diagnostic marker at multiple time points, one could also measure a given marker at one time point, and a 
second marker at a second time point, and a comparison of these markers may provide diagnostic information. 
[0034] The phrase "detemnining the prognosis" as used herein refers to methods by which the skilled artisan can 
predict the course or outcome of a condition In a patient. The tenn "prognosis" does not refer to the ability to predict the 
course or outcome of a condition with 1 00% accuracy, or even that a given course or outcome is predictably more or 
35 iess likely to occur based on the presence, absence or levels of test markers. Instead, the skilled artisan will understand 
that the tenn "prognosis" refers to an increased probability that a certain course or outcome will occur; that Is, that a 
course or outcome Is more likely to occur In a patient exhibiting a given condition, when compared to those Individuals 
not exhibiting the condition. For example, in individuals not exhibiting the condition, the chance of a given outcome may 
be about 3%. In preferred embodiments, a prognosis is about a 5% chance of a given outcome, about a 7% chance, 
^ about a 1 0% chance, about a 12% chance, about a 15% chance, about a 20% chance, about.a 25% chance, about a 
30% chance, about a 40% chance, about a 50% chance, about a 60% chance, about a 75% chance, about a 90% 
chance, and about a 95% chance. The term "abouf In this context refers to +/-1%. 

[0035] The skilled artisan will understand that associating a prognostic indicator with a predisposition to an adverse 
outcome is a statistical analysis. For example, a marker level of greater than 80 pg/mL may signal that a patient Is more 

<s likely to suffer from an adverse outcome than patients with a level less than or equal to 60 pg/mL, as detemnlned by a 
level of statistical significance. Additionally, a change In marker concentration from baseline levels may be reflective of 
patient prognosis, and the degree of change in marker level may be related to the severity of adverse events. Statistical 
significance Is often detennlned by comparing two or more populations, and detenmlning a confidence interval and/or a 
p value. See, e.g., Dowdy and WeanJen, Statistics for Research, John Wiley & Sons, New York, 1983. Preferred con- 

so fidence intervals of the invention are 90%, 95%, 97.5%, 98%, 99%, 99.5%, 99.9% and 99.99%, while prefen-ed p values 
are 0.1, 0.05, 0.025, 0.02, 0.01, 0.005, 0.001 , and 0.0001 . Exemplary statistical testsfor associating a prognostic indicator 
with a predisposition to an adverse outcome are described hereinafter. 

[0036] In other embodiments, a threshold degree of change in the level of a prognostic or diagnostic indicator can be 
established, and the degree of change in the level of the indicator in a patient sample can simply be compared to the 
S5 threshold degree of change in the level. A prefen-ed threshold change in the level for markers of the Invention is about 
5%, about 1 0%, about 15%, about 20%, about 25%, about 30%. about 60%, about 75%, about 100%, and about 150%. 
The term "abouf in this context refers to V-l 0%. In yet other embodiments, a "nomogram" can be established, by which 
a level of a prognostte or diagnostic indteator can be directly related to an associated disposition towards a given outcome. 
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The skilled artisan Is acquainted with the use of such nonnograms to relate two numeric values with the understanding 
that the uncertainty in this measurement is the same as the uncertainty In the marker concentration because individual 
sample measurements are referenced, not population averages. 

[0037] In yet another aspect, the invention relates to methods for detemiining a treatment regimen for use in a patient 
diagnosed with ACS. The methods preferably comprise detemnining a level of one or more diagnostic or prognostic 
markers as described herein, and using the markers to determine a diagnosis for a patient. One or more treatment 
regimens that improve the patient's prognosis by reducing the increased disposition for an adverse outcome associated 
with the diagnosis can then be used to treat the patient Such methods may also be used to screen phamnacological 
compounds for agents capable of improving the patients prognosis as above. 

[0038] In a further aspect, the Invention relates to kits for detemiining the diagnosis or prognosis of a patient. These 
kits preferably comprise devices and reagents for measuring one or more marker levels In a patient sample, and instruc- 
tions for perfonning the assay. Optionaity, the kits may contain one or more means for converting marker level(s) to a 
prognosis. Such kits preferably contain sufficient reagents to perfonm one or more such detemninations. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] In accordance with the present Invention, there are provided methods and compositions for the identification 
and use of markers that are associated with the diagnosis, prognosis, or differentiation of ACS in a patient. Such markers 
can be used in diagnosing and treating a patient and/or to monitor the course of a treatment regimen; and for screening 
compounds and phannaceutlcal compositions that might provide a benefit In treating or preventing such conditions. 
[0040] Myocardial ischemia is caused by an imbalance of myocardial oxygen supply and demand. Specifically, demand 
exceeds supply.due to Inadequate blood supply. The heart accounts for a small percentage of total body weight but Is 
responsible for 7% of body oxygen consumption. Cardiac tissue metabolism Is highly aerobte and has very little reserve 
to compensate for inadequate blood supply. When the blood supply is reduced to levels that are inadequate for myocardial 
demand, the tissue rapidly becomes hypoxic and toxic cellular metabolites can not be removed.' Myocardial ceils rapidly 
use oxygen supplies remaining in the local microvasculature, and the length of time that aerobic metabolism continues 
is Indirectly proportional to the degree of arterial occlusion. Once the oxygen supply has been exhausted, oxidative 
phosphorylation can not continue because oxygen is no longer available as an electron acceptor, pymvate can not be 
converted to acetyl coenzyme A and enter the citric acid cycle. Myocardial metabolism switches to anaerobic metabolism 
using glycogen and glucose stores, and pyruvate is femnented to lactate. Lactate accumulation is the primary cause of 
chest pain in individuals with ACS. As ischemia continues, cardiac tissue becomes more acidic as lactate and other 
addto Intennediates accumulate, ATP levels decrease, and available energy sources are depleted. Cardiac tissue can 
recover if it is reperf used 1 6-20 minutes after an Ischemic event. After the cellular glycogen stores have been depleted, 
the ceil gradually displays features of necrosis, including mitochondrial swelling and loss of cell membrane integrity. 
Upon reperfusion, these damaged celts die, possibly as a result of the cell's Inability to maintain tonic equilibrium. A loss 
of membrane integrity causes the cell's cytosolic contents to be released into the circulation. 
[0041] Stable angina, unstable angina, and myocardial infarction all share one common feature: constricting chest 
pain associated with myocardial ischemia. Angina is classified as stable or unstable through a physician's interpretation 
of clinical symptoms, with or without diagnostic ECG changes. The classification of angina as "stable" or "unstable" does 
not refer to the stability of the plaque Itself, but rather, the degree of exertion that is required to elicit chest pain. Most 
notably, the classification of chest pain as stable or unstable angina (or even mild myocardial infarction) in cases other 
than definitive myocardial Infarction is completely subjective. TTie diagnosis, and in this case the distinction, Is made not 
by angiography, which may quantify the degree of arterial occlusion, but rattier by a physteian's interpretation of clinical 
symptoms. 

[0042] Stable angina is characterized by constricting chest pain that occurs upon exertion or stress, and is relieved 
by rest or sublingual nitroglycerin. Coronary angiography of patients with stable angina usually reveals 50-70% obstruction 
of at least one coronary artery. Stable angina is usually diagnosed by the evaluation of clinical symptoms and ECG 
changes. Patients with stable angina may have transient ST segment abnormalities, but the sensitivity and specificity 
of these changes associated with stable angina are tow. 

[0043] Unstable angina is characterized by constricting chest pain at rest that is relieved by sublingual nitroglycerin. 
Anginal chest pain is usually relieved by sublingual nitrogiycerin, and the pain usually subsides within 30 minutes. There 
are three classes of unstable angina severity: class I, characterized as new onset, severe, or accelerated angina; class 
II, subacute angina at rest characterized by increasing severity, duration, or requirement for nitroglycerin; and class ill, 
characterized as acute angina at rest. Unstable angina represents the clinical state between stable angina and AMI and 
is thought to be primarily due to the progression in the severity and extent of atherosclerosis, coronary artery spasm, or 
hemon-hage into non-occluding plaques with subsequent tiirombotic occlusion. Coronary angiography of patients with 
unstable angina usually reveals 90% or greater obstruction of at least one coronary artery, resulting In an inability of 
oxygen supply to meet even baseline myocardial oxygen demand. Slow growth of stable atherosclerotb plaques or 
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rupture of unstable atherosclerotic plaques with subsequent thrombus fonnation can cause unstable angina. Both of 
these causes result in critical narrowing of the coronary artery. Unstable angina Is usually associated with atherosclerotic 
plaque ruptursi platelet activation, and thrombus formation. Unstable angina Is usually diagnosed by clinical symptoms, 
ECG changes, and changes in cardiac markers (if any). Treatments for patients with unstable angina include nitrates, 
s aspirin, GPIIb/llla inhibitors, heparin, and beta-blockers. Thrombolytictherapy has notbeen demonstrated to be beneficial 
for unstable angina patients, and calcium channel blockers may have no effect. Patients may also receive angioplasty 
and stents. Finally, patients with unstable angina are at risk for developing AMI. 

[0044] Myocardial infarction is characterized by constricting chest pain lasting longer than 30 minutes that can be 
accompanied by diagnostic ECG Q waves. Most patients with AMI have coronary artery disease, and as many as 25% 

10 of AMI cases are "silenf or asymptomatic infarctions, and individuals with diabetes tend to be more susceptible to silent 
infarctions. Population studies suggest that 20-60% of nonfatal myocardial infarctions are silent infarctions that are not 
recognized by the patient Atypical clinical presentations of AMI can include congestive heart failure, angina pectoris 
without a severe or prolonged attack, atypical location of pain, central nervous system manifestations resembling stroke, 
apprehension and nervousness, sudden mania or psychosis, syncope, weakness, acute indigestion, and peripheral 

'5 embolization. AMI Is usually diagnosed by clinical symptoms, ECG changes, and elevations of cardiac proteins, most 
notably cardiac troponin, creatine kinase-MB and myoglobin. Treatments of AMI have improved over the past decade, 
resulting In improved patient outcome and a 30% deaease in the death rate associated with AMI. Treatment of AMI 
patients is accomplished by administering agents that limit infarct size and improve outconie by removing occlusive 
material, increasing the oxygen supply to cardiac tissue, or decreasing the oxygen demand of cardiac tissue. Treatments 

20 can Include the following: supplemental oxygen, aspirin, GPIIb/llla Inhibitors, heparin, thrombolytics (tPA), nitrates (ni- 
troglycerin), magnesium, cateium channel antagonists, p-adrenergic receptor blockers, anglotensln-converting enzyme 
inhibitors, angtoplasty (PTCA), and Intraluminal coronary artery stents. 

[0045] The 30 minute time point from chest pain onset is thought to represent tiie window of reversible myocardial 
damage caused by ischemia. Stable angina and unstable angina are characterized angiographlcally as 50-70% and 
25 go% or greater arterial occlusion, respectively, and myocardial Infarction Is characterized by complete or nearly complete 
occlusion. A common misconception Is that stable angina and unstable angina refer to plaque stability, or tiiat they, 
along with myocardteil infarction, are separate diseases. Because stable angina often progresses to unstable angina, 
and unstable angina often progresses to myocardial Infarction, stable angina, unstable angina, and myocardial Infarction 
can all be characterized as coronary artery disease of varying severity. Recentiy. the following physiological model of 
30 coronary artery disease progression has been proposed: Inflammation Plaque Rupture ~> Platelet Activation Early 
Thrombosis Early Necrosis. This model is designed to fit tiie theory that Inflammation occurs during stable angina, 
and that markers of plaque rupture, platelet activation, and eariy thrombosis can be used to Identify and monitor the 
progressing severity of unstable angina. The myocardial damage caused during an anginal attack is, by definition, 
reversible, while damage caused during a myocardial infarction is Irreversible, Therefore, there are two proposed break 
35 points In this model for the discrimination of stable angina, unstable angina, and AMI. The first occurs between Inflam- 
mation and plaque mpture, with the theory that plaque rupture does not occur In stable angina. The second occurs 
between early thrombosis and early necrosis, with the theory that myocardial damage incumsd during unstable angina 
is reversible. It is Important to realize that tiiese events, with the exception of early myocardial necrosis, can be associated 
with all forms of coronary artery disease, and that progression along this diagnostic pathway does not necessarily Indicate 
^ disease progression. The progression of coronary artery disease from mild unstable angina to severe unstable angina 
and myocardial Infarction Is related to plaque Instability and the degree of arterial occlusion. This progression can occur 
slowly, as stable plaques enlarge and become more occlusive, or it can occur rapidly, as unstable plaques rupture, 
causing platelet activation and occlusive tiirombus fonnation. Because myocardial infarction most frequentiy shares the 
same pathophysiology as unstable angina. It Is possible tiiat tiie only distinction between these two events is tiie revers- 
es ibility of myocardial damage. By definition, unstable angina causes reversible damage, while myocardial infarction causes 
irreversible damage. There have been published reports tiiat Indicate the presence of myocardial necrosis in patients 
with unstable angina. By definition, these patients may actually be experiencing eariy AMI. Nevertheless, even if these 
patients are diagnosed with unstable angina instead of eariy AMI, the high degree of severity suggests that they will 
benefit greatly from early aggressive treatment Myocardial Ischemia Is the major determinant In the pathogenesis of 
so stable angina, unstable angina, and myocardial infarction, and they should not be thought of as individual diseases. 
Rather, they reflect tfie Increasing severity of myocardial damage from Ischemia. 

The Coagulation Cascade In ACS 

55 [0046] There are essentially two mechanisms that are used to halt or prevent blood loss following vessel Injury. The 
first mechanism Involves the activation of platelets to facilitate adherence to the site of vessel injury. The activated 
platelets then aggregate to fonri a platelet plug that reduces or temporarily stops blood loss. The processes of platelet 
aggregation, plug formation and tissue repair are all accelerated and enhanced by numerous factors secreted by activated 
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platelets. Platelet aggregation and plug fomnatlon Is mediated by the formation of a fibrinogen bridge between activated 
platelets. Concun^ent activation of the second mechanism, the coagulation cascade, results In the generation of fibrin 
from fibrinogen and the fomnatlon of an Insoluble fibrin clot that strengthens the platelet plug. 
[0047] The coagulation cascade is an enzymatic pathway that Involves numerous serine proteinases nomnally present 

5 In an Inactive, or zymogen, fonn. The presence of a foreign surface in the vasculature or vascular injury results in the 
activation of the intrinsic and extrinsic coagulation pathways, respectively. A final common pathway is then followed, 
which results In the generation of fibrin by the serine proteinase thrombin and, ultimately, a crossHnked fibrin clot. In the 
coagulation cascade, one active enzyme Is formed initially, which can activate other enzymes that active others, and 
this process, if left unregulated, can continue until all coagulation enzymes are activated. Fortunately, there are mech- 

10 anisms in place, including fibrinolysis and the action of endogenous proteinase Inhibitors tiiat can regulate the activity 
of the coagulation patiiway and dot fomiatlon. 

[0048] Rbrinolysis is the process of proteolytic clot dissolution. In a manner analogous to copulation, fibrinolysis Is 
mediated by serine proteinases that are activated from their zymogen fomi. The serine proteinase pfasmin is responsible 
for ttie degradation of fibrin Into smaller degradation products that are liberated from the clot, resulting in clot dissolution. 
15 Rbrinolysis is activatedsoonaftercoagutation in ordertoregulateclotfonriatlon.Endogenousserineprotelnaselnh^ 
also function as regulators of fibrinolysis. 

[0049] Platelets are round or oval dlslcs with an average diameter of 2-4 \im tiiat are normally found in blood at a 
concentration of 200,000-300,00b/|tl. They play an essential role In maintaining hemostasis by maintaining vascular 
Integrity, initially stopping bleeding by forming a platelet plug at the site of vascular injury, and by contributing to the 

20 process of fibrin formation to stabilize the platelet plug. When vascular injury occurs, platelets adhere to the site of Injury 
and each other and are stimulated to aggregate by various agents released from adherent platelets and Injured endotiielial 
ceils. This Is followed by the release reaction, In which platelets secrete the contents of their Intracellular granules, and 
fomriation of the platelet plug. The formation of fibrin by thrombin in the coagulation cascade allows for consolidation of 
the plug, followed by clot retraction and stabilization of the plug by crosslinl<ed fibrin. Active thrombin, generated in the 

25 concun^ent coagulation cascade, also has tiie ability to Induce platelet activation and aggregation. 

[0050] The coagulation cascade can be activated through either the extrinsic or Intrinsic pathways. These enzymatic 
patiiways share one final common patiiway. The result of coagulation activation Is the fomnatlon of a crosslinked fibrin 
clot Rbrinolysis is the process of proteolytic clot dissolution that is activated soon after coagulation activation, perhaps 
In an effort to control the rate and amount of dot formation. Urokinase-type plasminogen activator (uPA) and tissue-type 

30 plasminogen activator (tPA) proteolytlcally cleave plasminogen, generating the active serine proteinase plasmin. Plasmin 
proteolyticaliy digests crosslinked fibrin, resulting In clot dissolution and the production and release of fibrin degradation 
products. 

[0051] The first step of the common pathway of tfie coagulation cascade involves tiie proteolytic cleavage of pro- 
thrombin by the factor Xa/factor Va prothromblnase complex to yield active thrombin. Thrombin is a serine proteinase 
^ that proteolyticaliy cleaves fibrinogen to form fibrin, which is ultimately Integrated Into a crosslinked network during dot 
fomnation. 

Exemplary Maricers 

^ (i) Specific Markers for Myocardial injurv 

[0052] Annexin V, also called lipocortin V, endonexin II, calphobindin I, calcium binding protein 33, placental antico- 
agulant protein 1, thromboplastin inhibitor, vascular anticoagutant-a, and anchorin Cll, is a 33 kDa calcium-binding protein 
that is an indirect inhibitor and regulator of tissue factor. Annexin V is composed of four homologous repeats with a 

^ consensus sequence common to all annexin family members, binds calcium and phosphatidyl serine, and is expressed 
in a wide variety of tissues, including heari; skeletal muscle, liver, and endothelial ceils (Giambahco, I. et ai., J. Histochem. 
Cytochem. 39:P1189-1198, 1991; Doubell, A.F. et al., Cardiovasc, Res. 27:1359-1367, 1993). The nomnal plasma 
concentration of annexin V is < 2 ng/ml (Kaneko, N. et al., Clin. Chim. Acta 251 :65-80, 1 996). The plasma concentration 
of annexin V is elevated In individuals with AMI (Kaneko, N. et al., Clin. ChIm, Acta 251:65-80, 1996). Due to its wide 

so tissue distribution, elevation of the plasma concentration of annexin V may be associated with any condition involving 
non-cardiac tissue injury: However, one study has found that plasma annexin V concentrations were not significantiy 
elevated in patients with old myocardial infarction, chest pain syndrome, valvular heart disease, lung disease, and kidney 
disease (Kaneko, N. et al., Clin. Chim. Acta 2SV.SS'Q0, 1996). These previous results require confirmation before the 
clinical utility of annexin V as an ACS mariner can be detemnined. Annexin V is released into tfie bloodstream soon after 

55 AMI onset The annexin V concentration in the plasma of AMI patients decreased from initial (admission) values, sug- 
gesting that it is rapidly deared from the bloodstream (Kaneko, IM. et al.. Clin. Chim, Acta 251:65-80, 1996). 
[0053] B-type natriuretic peptide (BNP), also called brain-type natriuretic peptide is a 32 amino add, 4 kDa peptide 
that is Involved in the natriuresis system to regulate blood pressure and fluid balance (Bonow. R.O., CIrcutatton 93: 
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1946-1950,1996). The precursor to BNP Is synthesized as a 108-amlno acid molecule, referred to as "pre pro BNP," 
that Is proteolytlcally processed Into a 76-amino acid N-terminal peptide (amino acids 1 -76), referred to as "NT pro BNP" 
and the 32-amlno acid mature homione, referred to as BNP or BNP 32 (amino acids 77-108). It has been suggested 
that each of these species - NT pro-BNP, BNP-32, and the pre pro BNP - can circulate in human plasma (T ateyama at 

5 al., Biochem, Biophys. Res, Commun, 185: 760-7 (1992); Hunt et al., Biochem. Bbphys. Res, Commun. 214: 1 1 75-83 
(1995)). The 2 fornis, pre pro BNP and NT pro BNP, and peptides which are derived from BNP, pre pro BNP and NT 
pro BNP and which are present in the blood as a result of proteolyses of BNP, NT pro BNP and pre pro BNP, are 
collectively described as maricers related to or associated with BNP. Proteolytic degradation of BNP and of peptides 
related to BNP have also been described in the literature and these proteolytic f regments are also encompassed It the 

^0 term "BNP related peptides". BNP and BNP-related peptides are predominantly found in the secretory granules of the 
cardiac ventricles, and are released from the heart in response to both ventricular volume expansion and pressure 
overload (Wllkins, M. et al., Lanfief 349:1307-1310, 1997). Elevations of BNP are associated with raised atrial and 
pulmonary wedge pressures, reduced ventricular systolic and diastolic function, left ventricular hypertrophy, and myo- 
cardial Infarction (Sagnelia, G.A,, Clinical Sc/ence 95:519-529, 1998). Furthemriore, there are numerous reports of 

15 elevated BNP concentretlon associated with congestive heart failure and renal failure. While BNP and BNP-related 
peptides are likely not specific for ACS, they may be sensitive markere of ACS because they may indicate not only 
cellular damage due to ischemia, but also a perturbation of the natri urette systehn associated with ACS. The temi 'BN P' 
as used herein refers to the mature 32-amino acid BNP molecule itself. As the skilled artisan will recognize, however, 
other markere related to BNP may also serve as diagnostic or prognostic indicators in patients with ACS. For example, 

20 BNP Is synthesized as a 108-amlno acid pre pro-BNP molecule that is proteolytlcally processed into a 76-amlno acid 
"NT pro BNP" and the 32-amino acid BNP molecule. Because of its relationship to BNP, the concentration of NT pro- 
BNP molecule can also provide diagnostic or prognostic infonmatlon in patients. The phrase "marker related to BNP or 
BNP related peptide" refere to any polypeptide that originates from the pre pro-BNP molecule, other than the 32-amin6 
acid BNP molecule Itself. Thus, a marker related to or associated with BNP includes the NT pro-BNP molecule, the pro 

25 domain, a fragment of BNP that Is smaller than the entire 32-amlno acid sequence, a fragment of pre pro-BNP other 
than BNP, and a fragment of the pro domain. One skilled. In the art will also recognize that the circulation contains 
proteases whk^h can proteolyze BNP and BNP related molecules and that these proteolyzed molecules (peptides) are 
also considered to be "BNP related" and are additionally subjects of this invention.. 

[0054] Enolase Is a 78 kDa homo- or heterodlmeric cytosollc protein produced from a, p, and y subunlts, Enolase 
30 catalyzes the interconversion of 2-phosphoglycerate and phosphoenolpyruvate in the glycolytic pathway. Enolase is 
present as ohx, a^, pp, oey, and yy isof omns. The a subunit is found In most tissues, the p subuntt Is found In cardiac and 
skeletal muscle, and the y subunit Is found primarily In neuronal and neuroendocrine tissues, p-enotase Is composed of 
ap and pp enolase, and is specific for muscle. The nonmal plasma concentration of p-enotase is < 10 ngfm\ (120 pM). 
P-enolase is elevated in the serum of individuals with AMI, but not In Individuals with angina (Nomura, M. et al., Br, Heart 
35 J. 58:29-33, 1987; Herraez-Domlnguez. M.V. et al., Clin. Ctiim, Acta 64:307-315, 1975). Further Investigations into 
possible changes in plasma p-enolase concentration associated with unstable and stable angina need to be perfonned. 
The plasma concentration of p-enolase is elevated during heart surgery, muscular dystrophy, and skeletal muscle Injury 
(Usui, A. et al., Cardiovasc. Res, 23:737-740, 1989; Kato, K. et al., Clin. Chim. Acta 131:75-85, 1983; Matsuda, H. et 
al.. Forensic Scl. Int. 99:197-208, 1999). p-enolase Is released Into the bloodstream immediately following cardiac or 
^0 skeletal muscle injury. The plasma p-enolase concentration was elevated to more than 150 ng/ml in the perioperative 
stage of cardiac surgery, and remained elevated for 1 week. Semm p-enolase concentrations peaked approximately 
12-14 houre afterthe onset of chest pain and AMI and approached baseline after 1 week had elapsed from onset, with 
maximum levels approaching 1 |ig/rnl (Kato, K. et al., Clin, Chim, Acta 131 :75-85, 1 983; Nomura, M. et al., Br, Heart J. 
58:29-33, 1987). 

45 [0055] Troponin I (Tnl) is a 25 kDa inhibitory element of the troponin complex, found In all striated muscle tissue. Tnl 
binds to actin in the absence of Ca2+, Inhibiting the ATPase activity of actomyosln. A Tnl isofomi ttiat is found In cardiac 
tissue (cTnl) is 40% divergent from skeletal muscle Tnl, allowing both Isofbrms to be immunologically distinguished. The 
nonnal plasma concentration of cTnl is < 0.1 ng/ml (4 pM). The plasma cTnl concentration is elevated in patients with 
AMI. Investigations Into changes In the plasma cTnl concentration In patients with unstable angina have yielded mixed 

so results, but cTnl is not elevated in the plasma of individuals with stable angina (Benamer, H. et al., Am. J. Cardiol. 82: 
845-850, 1 998; Bertinchant. J.P. et al., Clin, Biochem. 29:587-594, 1 996; Tanasljevlc, M.J. et al., Clin. Cardiol. 22: 13-1 6, 
1999; Musso, P. et al., J, ttal, Ca/rfto/. 26:1013-1023, 1996; Holvoet, P. et al., iMM>* 281: 171 8-1 721, 1999; Holvoet, P. 
et al., Circulation 98:1487-1494, 1998). The mixed results associated witii unstable angina suggest that cTnl may be 
useful In detennining the severity of unstable angina because the extent of myocardial ischemia is directly proportional 

55 *to unstable angina severity. The plasma cThi concentration may be elevated In conjunction with cardiac trauma, con- 
gestive heart failure, and cardiac surgery, non-lschemic dilated cardiomyopathy, muscular disorders, CNS disordere, 
HIV infection, chronic renal failure, sepsis, lung disease, and endocrine disorders (Khan, I.A. et al., Am. J. Emerg. Med. 
17:225-229, 1 999). This apparent non-spedftolty may be related to the quality and specificity of the antibodies used in 
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the Immunoassay. cTnl is released Into the bloodstream following cardiac cell death. The plasma concentration of cTnl 
in patients with AM I is significantly elevated 4-6 hours after onset, peaks between 1 2-1 6 hours, and can remain elevated 
for one week. The release kinetics of cTnl associated with unstable angina may be similar. The measurement of specific 
fonns of cardiac troponin, Including free cardiac troponin I and complexes of cardiac troponin I with troponin C and/or T 

5 may provide the user with the ability to identify various stages of ACS. 

[0056] Free and complexed cardiac-troponin T may be used in a manner analogous to that described above for cardiac 
troponin t. Cardiac troponin T complex may be useful ei^er alone or when expressed as a ratio with total cardiac troponin 
I to provide Information related to the presence of progressing myocardial damage. Ongoing ischemia may result In the 
release of the cardiac troponin TIC complex, indicating that higher ratios of candlac troponin TIC:tota] cardiac troponin 

10 I may be indicative of continual damage caused by unresolved ischemia, 

[0057] Creatine kinase (CK) Is a 85 kDa cytosollc enzyme that catalyzes the reversible fomnation ADP and phospho- 
creatlne from ATP and creatine. CK is a homo-or heterodimer composed of M and B chains. CK-MB is the isoform that 
is most specific for cardiac tissue, but it is also present in skeletal muscle and other tissues. The nomtal plasma con- 
centration of CK-MB Is < 5 ng/ml. The plasma CK-MB concentration Is significantly elevated In patients with AMI. Plasma 

IS CK-MB is not elevated in patients with stable angina, and investigation into plasma CK-MB concentration elevations in 
patients with unstable angina have yielded mixed results (Thygesen, K. et a|., Eur, J. Clin, Invest 16:1-4, 1988; 
Koukkunen, H. et a!.. Ann. Med, 30:488-486, 1998; Bertlnchant J. P. et al., Clin. Blochem, .29:587-594, 1996; Benamer. 
H. et al., Am. J. CardloL 82:845-850,1998: Norregaard-Hansen, K. et al., Eun Heart J. 13:188-193, 1992). The mixed 
results associated with unstable angina suggest that CK-MB may be useful in detemnlnlng the severity of unstable angina 

so because the extent of myocardial ischemia is directly proportional to unstable angina severity. Elevations of the plasma 
CK-MB concentration are associated with skeletal muscle Injury and renal disease. CK-MB Is released Into the bloods 
stream following cardiac cell death. The plasma concentration of CK-MB in patients with AMI Is significantly elevated 
4-6 hours after onset, peaks between 12-24 hours, and returns to baseline after 3 days. The release kinetk:s of CK-MB 
associated with unstable angina may be similar. 

25 [0058] Glycogen phosphorylase (QP) is a 1 88 kDalntracellular allosteric enzyme that catalyzes the removal of glucose 
(liberated as glucose- 1 -phosphate] from the nonreduclng ends of glycogen in the presence of inorganic phosphate 
during glycogenolysls. GP is present as a homodimer, which associates With another homodlmer to foim a tetramerfc 
enzymatically active phosphorylase A. There are three Isofomfis of GP that can be immunologically distinguished. The 
BB isoform is found in brain and cardiac tissue, the MM isoform is found In skeletal muscle and cardiac tissue, and the 

30 LL isofomri is predominantly found in liver (Mair, J. et al., Br. Heart J. 72:1 25-1 27, 1 994). GP-BB is nomially associated 
with the sarcoplasmic reticulum glycogenolysls complex, and tills association Is dependent upon tiie metabolic state of 
the myocardium (Malr, J., Ctln. Chlm. >tcfa 272:79-86, 1998). At the onset of hypoxia, glycogen Is broken down, and 
GP-BB Is converted from a bound form to a free cytoplasmic form (Krause, E.G, et bL MoI. Cell Blochem. 160-161: 
289-295, 1996). The nornial plasma GP-BB concentration Is < 7 ng/ml (36 pM). The plasma GP-BB concentration is 

^ slgnlflcantiy elevated in patients with AMI and unstable angina witii transient ST-T elevations, but not stable angina 
(Malr, J. et al., Br. Heart J. 72:125-127, 1994; MaIr, J., Clin. Chlm. Acta 272:79-86, 1998; Rabltzsch, G. et al., Clin. 
Chem. 41 :966-978, 1 995; Rabltzsch, G. et al., Lancef 341 :1 032-1 033, 1 993). Furthermore, GP-BB also can be used to 
detect perioperative AMI and myocardial ischemia In patients undergoing coronary artery bypass surgery (Rabltzsch, 
G. et al., Biomed. Biochlm. >4cte 46:S584-S588, 1987; Mair, P. et al., Eur. J. Clin. Chem. Clin. Blochem. 32:543-547, 

40 1 994). GP-BB has been demonstrated to be a more sensitive marker of unstable angina and AMI early after onset than 
CK-MB, cardiac tropopnin T, and myoglobin (Rabltzsch, G. et al., C//n. Chem. 41:966^978, 1995). Because It Is also 
found In the brain, the plasma GP-BB concentration also may be elevated during Ischemic cerebral Injury. GP-BB Is 
released into the bloodstream under Ischemic conditions that also Involve an Increase. In the permeability of the cell 
membrane, usually a result of cellular necrosis. GP-BB is significantly elevated within 4 houra of chest pain onset in 

^ individuals with unstable angina and transient ST-T ECG alterations, and is significantly elevated while myoglobin. CK- 
MB, and cardiac troponin T are still within nomnai levels (Mair, J. et al., Br. Heart J. 72:125-127, 1994). Furthermore, 
GP-BB can be significantly elevated 1 -2 houre after chest pain onset in patients with AMI (Rabltzsch, G. et al., Lancet 
341 : 1 032-1 033, 1 993). The plasma GP-BB concentration in patients with unstable angina and AMI can exceed 50 ng/ml 
(250 pM) (Mair, J. et al., Sr. Heart J. 72:125-127,1994; Malr. J„ Clin. Chlm. Acta 272:79-86, 1998; Krause, E.G. et al.. 

so MoI. Cell Blochem. 160-161:289-296, 1996; Rabltzsch, G. et al., Clin. Chem. 41:966-978, 1995; Rabltzsch, G. et al., 
/.ancef 341:1032-1033, 1993). GP-BB appears to be a very sensitive marker of myocardial Ischemia, with specificity 
similar to that of CK-BB. GP-BB plasma concentrations are elevated within the first 4 houra after AMI onset, which 
suggests that It may be a very useful early maricer of myocardial damage. Furthennore, G P-BB is not only a more specific 
mariner of cardiac tissue damage, but also ischemia, since it is released to an unbound form during cardiac ischemia 

ss and would not nonnaily be released upon traumatic injury. This is best illustrated by the usefulness of GP-BB In detecting 
myocardial Ischemia during cardiac surgery. GP-BB may be a very useful marker of eariy .myocardial ischemia during 
AMI and severe unstable angina. 

[0059] IHeart-type fatty acid binding protein (H-FABP) la a cytosollc 15 kDa lipid-binding protein Invoh^ed In lipid me- 
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tabollsm. Heart-type FABP antigen is found not only in heart tissue, but aiso in kidney, skeletai muscle, aorta, adrenals, 
placenta, and brain (Visericamp, J.H. and IWaatman, R.G., Prog. Lipid Res. 34:17-52, 1995; Yoshimoto, K. et al., Heart 
Vi9sse/s 10:304-309, 1995). Furthermore, heart-type FABP mRNA can be found In testes, ovary, lung, mammary gland, 
and stomach (Veerkamp, J.H. and Meatman. R.G., Prog. Lipid Res. 34:17-52,1995). The normal plasma concentration 

5 of FABP is < 6 ng/mt (400 pM). The plasma H-FABP concentration is elevated in patients with AMI and unstable angina 
(Ishil, J. et al., Clin. C/iem. 43:1372-1378, 1997; Tsujl, R. et al., frit J. Cardiol 41 :209-21 7, 1 993). Furthermore, H-FABP 
may be useful In estimating Infarct size In patients with AMI (Glatz, J.F. etal., Br. l^eartJ. 71 :135-140, 1994). Myocardial 
tissue as a source of H-FABP can be confln^ed by determining the ratio of myogtobin/FABP (grams/grams). A ratio of 
approximately 5 indicates that FABP is of myocardial origin, while a higher ratio indicates skeletal muscle sources (Van 

10 Nleuwenhoven, F.A. et al., Circuiation 92:2848-2854, 1 995). Because of the presence of H-FABP In skeletal muscle, 
kidney and brain, elevations In the plasma H-FABP concentration may be associated witii skeletal muscle Injury, renal 
disease, or stroke. H-FABP is released Into the bloodstream following cardiac tissue necrosis. The plasma H-FABP 
concentration can be signlficantiy elevated 1 -2 hours after tiie onset of chest pain, earlier tiian CK-MB and myoglobin 
(TsuJl, R. et al.. Int. J. Cardiol. 41:209-217, 1993; Van Nleuwenhoven, F.A. et al., C/rci//afton 92:2848-2854, 1995; 

15 Tanaka, T. et al., Clin, Bloci)em. 24:195-201 , 1991). Additionally, H-FABP Is rapidly cleared from tiie bloodstream, and 
plasma concentrations return to baseline after 24 hours after AMI onset (Glatz, J.F. et al., Br. Heart J. 71 :1 36-1 40, 1 994; 
Tanaka, T. et al., Clin. Biochem. 24:195-201, 1991). . 

[0080] Phosphoglyceric add mutase (PGAM) la a 57 kOa homo- or heterodimeric intracellular glycolytic enzyme 
composed of 29 kDa M or B subunlts that catalyzes the Interconversion of 3-phosphoglycerate to 2-phosphoglycerate 

so In tiie presence of magnesium. Cardiac tissue contains isozymes MM, MB, and BB, skeletal muscle contains primarily 
PGAM-MM, and most ottier tissues contain PGAM-BB (Durany, N. and Garreras, J., Comp. Biocliem. Pt)ysiol. B. Bio- 
chem. Mol. Biol. 1 1 4:21 7-223, 1 998). Thus, PG AM-MB Is tiie most specific Isozyme for cardiac tissue. PGAM Is elevated 
in the plasma of patients with AMI, but further studies need to be perfonned to detenhine changes in the plasma PGAM 
concentration associated wltii AMI, unstable angina and stable angina (Mair, J., Crit Rev. Clin. Lab. ScL 34:1 -66, 1 997). 

25 Plasma PGAM-MB concentration elevations may be associated witii unrelated myocardial or possibly skeletal tissue 
damage. PGAM-MB is most likely released into the circulation following cellular necrosis. PGAM has a half-life of less 
than 2 hours In the bloodstream of rats (Grisolla, S. et al., Ptiyslol. Chem. Phys. 8:37-52, 1976). 
[0061] S-100 Is a 21 kDa homo- or heterodimeric cytosollc Ga2+-binding protein produced from a and p subunlts. it 
is thought to participate in tiie activation of cellular processes along the Ga^-^-dependent signal tmnsduction pathway 

30 (Bonfrer, J.M. et al., Br. J. Cancer 77:2210-2214, 1998), S-IOOao (aa isofonn) is found in striated muscles, heart and 
kidney, S-IOOa (ap isofomn) Is found in glial cells, but not in Schwann cells, and S-IOOb (PP isofonn) Is found In high 
concentrations in glial cells and Schwann cells, where it is a major cytosollc component (Kato, K. and Kimura, S., Biochlm. 
Biophys.Acta 842:146-150,1985; Hasegawa, S. etal,, Eur. Urol. 24:393-396, 1993), The normal serum concentration 
of S-100ao is < 0.25 ng/hni (1 2 pM), and its concentration may be influenced by age and sex, with higher concentrations 

35 In males and older Individuals (Klkuchi, T. et al., Hinyokika /C/yo36:1 1 1 7-1 123,1990; Merita. T. et al, Nippon Hinyoklka 
GakkalZasshlBV.^ 1 62-1 1 67, 1 990; Usui, A. et al., Clin. Chem. 36:639-641 , 1 990). The serum concentration of S-1 OOao 
is elevated in patients with AMI, but not in patients with angina pectoris with suspected AMI (Usui, A. et al., Clin. Chem. 
36:639-641, 1990). Furtiier investigation is needed to detennine changes in the plasma concentration of S-1 OOao as- 
sociated with unstable and stable angina. Serum S-1 OOao Is elevated in the serum of patients with renal cell carcinoma, 

<o bladder tumor, renal failure, and prostate cancer, as well as in patients undergoing open heart surgery (Hasegawa, S. 
et al.. Eur. Urol. 24:393-396, 1993; Klkuchi, T. et al., Hinyokika Kiyo 36:1117-1123, 1990; Morita, T. et al., Nippon 
Hinyokika GakkaiZasshiSV.^^G2'^^e7, 1990; Usui, A. etal., Clin. C/}em. 35:1 942-1 944, 1989). S-IOOao isacytosolk: 
protein that will be released into ihe extracellular space following cell death. The serum concentration of S-1 OOao is 
signlficantiy elevated on admission in patients with AMI, increases to peak levels 8 hours after admission, decreases 
and returns to baseline one week later (Usui. A. et al.. Clin. Chem. 36:639-641, 1990). Furthemnore, S-IOOao appears 
to be significantly elevated earlier after AMI onset than GK-MB (Usui, A. et ai., Clin. Chem. 36:639-641, 1990). The 
maximum serum S-IOOao concentration can exceed 100 ng/ml. S-IOOao may be rapidly cleared from the bloodstream 
by the kidney, as suggested by the rapid decrease of the serum S-1 OOao concentration of heart surgery patients following 
reperfuslon and Its increased urine concentration, but further investigation Is needed to determine the kinetics of S- 

50 1 0Oao release into and clearance from the bloodstream In the context of ACS (Usui, A et al., Clin. Chem. 35: 1 942-1 944, 
1989). S-1 OOao is found in high concentration in cardiac tissue and appears to be a sensitive marker of cardiac Injury. 
Major sources of non-specificity of tills marker for ACS include skeletal muscle and renal tissue Injury. S-1 OOao may be 
signlficantiy elevated soon after AMI onset, and It may allow for the discrimination of AMI from unstable angina. Patients 
with angina pectoris and suspected AMI, indicating that they were suffering chest pain associated with an ischemic 

55 episode, did not have a significantly elevated S-1 OOao concentration. In spite of its risk of non-specificity, which appears 
to be no different from tiiat of CK-MB and myoglobin, S-1 OOao may allow physteians to distinguish AMI from unstable 
angina. 
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(in Non-specific Markers for Myocardial Injury Related to Coagulation 

[0062] Plasmin Is a 78 kDa serine proteinase that proteolyticaliy digests crossllnked fibrin, resulting in dot dissolution. 
The 70 kDa serine proteinase inhibitor a2-antlplasmin (a2AP) regulates plasmin activity by forming a covalent 1:1 

5 stoichiometric complex with plasmin. The resulting.-1 50 kDa pia8min-a2AP complex (PAP), also called plasmin inhibitory 
complex (PIC) Is formed immediately after ot2AP comes in contact with plasmin that is activated during fibrinolysis. The 
nonrtal serum concentration of PAP is <1 M-g/ml (6.9 nM). Elevations in the serum concentration of PAP can be attributed 
to the activation of fibrinolysis. Elevations in the serum concentrntlon of PAP may be associated with clot presence, or 
any condition that causes or is a result of fibrinolysis activation. These conditions can include atherosclerosis, dissem- 

10 inated intravascular coagulation, AMI, surgery, trauma, unstable angina, stroke, and thrombotic thrombocytopenic pur- 
pura. PAP is fomied immediately following proteolytic activation of plasmin. PAP is a specific marker for fibrinolysis 
activation and the presence of a recent or continual hypercoagulabte state, it is not specific for ACS and can be elevated 
in many other disease states. 

[0063] p>thromboglobulin (pTG) is a 36 kDa platelet a granule component that is released upon platelet activation. 

IS The nonnal plasma concentration of pTG is < 40 ng/ml (1 .1 nM). Plasma levels of p-TG appear to be elevated In patients 
with unstable angina and AMI, but not stable angina (De Caterina, R. et ai., Eur. Heart J. 9:913-922, 1988; Bazzan, M. 
et al.. Cardiologia 34, 217-220, 1989). Plasma p-TG elevations also seem to be correlated with episodes of ischemia 
in patients with unstable angina (Sobel, M. et al. , Circulation 63:300-306, 1 981 ). Elevations In the plasma concentration 
of pTG may be associated with clot presence, or any condition that causes platelet activation. These conditions can 

so include atherosclerosis, disseminated intravascular coagulation, surgery, trauma, and thrombotic thrombocytopenic 
purpura, and stroke (Landl. G. et al., A/eu/o/ogy 37:1 667-1 671 , 1 987). pTG Is released into the circulation immediately 
after platelet activation and aggregation. It has a biphasic half-life of 10 minutes, followed by an extended 1 hour half- 
life in plasma (Switalska, H.I. et al., J. Lab. Clin. Med. 106:690-700, 1985). Plasma pTG concentration is reportedly 
elevated drlng unstable angina and AMI, but these studies may not be completely reliable: Special precautions must be 

^ taken to avoid platelet activation during the blood sampling process. Platelet activation is common during regular blood 
sampling, and could lead to artiftolal elevations of plasma PTG concentration. In addition, the amount of pTG released 
into the bloodstream Is dependent on the platelet count of the individual, which can be quite variable. Plasma concen- 
trations of pTG associated with ACS can approach 70 ng/hil (2 nM), but this value may be Influenced by platelet activation 
during the sampling procedure. 

30 [0064] Platelet factor 4 {PF4) is a 40 kDa platelet a granule component that is released upon platelet activation. PF4 
is a marker of platelet activation and has the ability to bind and neutralize heparin. The normal plasma concentration of 
PF4 Is < 7 ng^ml (1 75 pM). The plasma concentration of PF4 appears to be elevated in patients with AMI and unstable 
angina, but not stable angina {Gallino, A. et al., Am. Heart J. 112:285-290, 1986;-Sakata, K. et al., Jpn. Circ. J. 60: 
277-284. 1996; Bazzan, M. et al., Cardiologia 34:217-220, 1989). Plasma PF4 elevations also seem to be con-elated 

35 with episodes of Ischemia In patients with unstable angina (Sobel, M. et al.. Circulation 63:300-306,1981). Elevations 
in the plasma concentration of PF4 may be associated with clot presence, or any condition that causes platelet activation. 
These conditions can include atherosclerosis, disseminated intravascular coagulation, surgery, trauma, thrombotic 
thrombocytopenic purpura, and acute stroke (Carter, A. M.etal.,Arfe/7bsc/er. Thromb. Vase. S/o/. 18:1124-1131, 1998). 
PF4 is released Into the circulation immediately after platelet activation and aggregation. It has a biphasic half life of 1 

^ minute, followed by an extended 20 minute half -life in plasma. The half-life of PF4 in plasma can be extended to 20-40 
minutes by the presence of heparin (Rucinski, B. et ai., Am. J. Physiol 251 :H800-H807, 1 986). Plasma PF4 concentration 
Is reportedly elevated during unstable angina and AMI. but these studies may not be completely reliable. Special pre- 
cautions must be taken to avoid platelet activation during the blood sampling process. Platelet activation is common 
during regular: blood sampling, and could lead to artificial elevations of plasma PF4 concentration. In addition, tiie amount 

^ of PF4 released into the bloodstream is dependent on the platelet count of the individual, which can be quite variable. 
Plasma concentrations of PF4 associated with disease can exceed 1 00 ng/ini (2.5 nM), but it is likely that this value may 
be influenced by platelet activation during the sampling procedure. 

[0065] Fibrlnopeptide A (FPA) is a 1 6 amino acid, 1 .5 kDa peptide that is liberated from amino tenninus of fibrinogen 
by the action of thrombin. Fibrinogen is synthesized and secreted by tiie liver. The normal plasma concentration of FPA 

so is < 5 ng^ml (3.3 nM). The plasma FPA concentration is elevated in patients with AMI, unstable angina, and variant 
. angina, but not stable angina (Genslni, G.F. et al., Thromb. Res. 50:51 7-525, 1 988; Gailino, A. et al.. Am. Heart J. 1 12: 
285-290, 1986; Sakata, K. etal., Jpn. C//c. J. 60:277-284. 1996;Theroux, P. etal., C/rny/af/on 75: 156-1 62, 1987; Merllni, 
P.A. et al., Cfrcu/aton 90:61-68, 1994; Manten, A. et al., Cardiovasc. fles. 40:389-396, 1998). Furthermore, plasma 
FPA may Indicate the severity of angina (Gensini, G.F. et al., Thromb. Res, 50:61 7-525, 1 988). Elevations in tfie plasma 

ss concentration of FPA are associated with any condition that involves activation of the coagulation pathway, Including 
stroke, surgery, cancer, disseminated intravascular coagulation, nephrosis, and thrombotic thrombocytopenic purpura. 
FPA is released into the cirouiation following thrombin activation and cleavage of fibrinogen. Because FPA is a small 
polypeptide, it is likely cleared from the bloodstream rapidly. FPA has been demonstrated to be elevated for more than 
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one month following clot fomnatlon, and maximum plasma FPA concentrations can exceed 40 ngM In active angina 
(Gensini, G.F. et a!., Thromb. Res. 50:517-525, 1988; Tohgi, H. et a!., Stroke 21:1663-1667,1990). 
[0066] Platelet-derived growth factor (POGF) is a 28 kDa secreted homo- or heterodimeric protein composed of the 
homologous subunlts A and^or B (Mahadevan, D. et al.. J. BloL Chem, 270:27595-27600, 1995). PDGF Is a potent 

5 mitogen for mesenchymal cells, and has been Implicated In the pathogenesis of atherosclerosis. PDGF Is released by 
aggregating platelets and monocytes near sites of vascular injury. The normal plasma concentration of PDGF is < 0.4 
ng/ml (15 pM). Plasma PDGF concentrations are higher In individuals with AMI and unstable angina than In healthy 
controls or individuals with stable angina (Ogawa, H. et al., Am. J. Cardiol. 69:453-466, 1992; Wallace, J.M. et al., Ann. 
cm. Blochem. 35:236-241 , 1 998; Ogawa, H. et al., Coron. Artery Dis. 4:437-442, 1 993). Changes In the plasma PDGF 

10 concentration In these individuals Is most likely due to increased platelet and monocyte activation. Plasma PDGF Is 
elevated in individuals with brain tumors, breast cancer, and hypertension (Kurlmoto, M. et al., Acta Neurochlr. (Wien) 
137:1 82-1 87,1 995; Seymour, L. et al., Breast Cancer Res. Treat. 26:247-252, 1993; Rossi, E, et al., Am. J. Hypertens. 
1 1 :1 239-1 243, 1 998). Plasma PDG F may also be elevated in any pro-inflammatory condition or any condition that causes 
platelet acth^atlon including surgery, trauma, disseminated intravascular coagulation, and thrombotic thrombocytopenic 

15 purpura. PDGF Is released from the secretory granules of platelets and monocytes upon activation. PDGF has a blphasic 
half-life of approximately 5 minutes and 1 hour In animals (Cohen, A.M. et al., J. Surg. Res. 49:447-452, 1990; Bowen- 
Pope, D.F. et al., S/oocf 64:458-469, 1984). The plasma PDGF concentration In ACS can exceed 0.6 ng/ml (22 pM) 
(Ogawa, H. et al.. Am. J. Cardiol, 69:453-456, 1 992). PDGF may be a sensitive and specific marker of platelet activation. 
In addition, it may be a sensitive marker of vascular Injury, and the accompanying monocyte and platelet activation. 

20 [0067] Prothrombin fragment 1+2 Is a 32 kDa polypeptide that Is liberated from the amino tennlnus of thrombin during 
thrombin activation. The nomnal plasma concentration of F1+2 is < 32 ng/ml (1 nM). Reports from investigations of 
plasma F1+2 concentration elevations that are associated with ACS are conflicting. The plasma concentration of F1+2 
is reportedly elevated in patients with AMI and unstable angina, but not stable angina, but the changes were not robust 
(Merlini, P.A. et al., C/rci//af/on 90:61-68, 1994). Other reports have indicated that there Is no significant change in the 

25 plasma F1+2 concentration In cardiovascular disease (Blasuccl, L.M. et al.. C//ua/at/on 93:2121-2127, 1996; Manten, 
A. et al., Cardiovasc. Res. 40:389-395. 1 998). The concentration of F1 +2 In plasma can be elevated during any condition 
associated with coagulation activation, Including stroke, surgery, trauma, tiirombotic thrombocytopenic purpura, and 
disseminated intravascular coagulation. F1+2 is released Into the bloodstream immediately upon tiirombin activation. 
F1+2 has a half-lffe of approximately 90 minutes in plasma, and It has been suggested that this long half-life may mask 

30 bursts of tiirombin fomnation {Biasucci, L.M. et al.. Circulation 93:2121 -2127, 1996). 

[0068] P-selectin, also called granule membrane proteln-140, GMP-140, PADGEM, and CD-62P, is a -140 kDa 
adhesion molecule expressed In platelets and endothefial cells. P-selectin Is stored In the alpha granules of platelets 
and In the Welbel-Palade bodies of endotiiellai cells. Upon activation, P-selectln Is rapidly translocated to the surface 
of endothelial cells and platelets to facilitate the "rolling" cell surface Interaction with neutrophils and monocytes. Mem- 

^ brane-bound and soluble fonns of P-selectin have been identified. Soluble P-selectln may be produced by shedding of 
membrane-bound P-seiectln, eitiier by proteolysis of the extracellular P-selectin molecule, or by proteolysis of compo- 
nents of the Intracellular cytoskeleton In close proximity to the surface-bound P-seiectin molecule (Fox, J.E., Blood 
Coagul. Fibrinolysis 5:291-304, 1994). Additionally, soluble P-selectin may be translated from mRNA that does not 
encode the N-termlnal transmembrane domain (Dunlop, LC. et al., J. Exp. Med. 175:1 147-1 150, 1992; Johnston, G.I. 

^ et al., J. Biol. Chem. 265:21381 -21385, 1 990). Activated platelets can shed membrane-bound P-selectin and remain in 
the circulation, and the shedding of P^electln can elevate the plasma P-selectln concentration by approximately 70 
ng/lml (Mlchelson, A.D. et al., Proc. Natl. Acad. Sd. U. S. A 93:1 1877-1 1862, 1996). Soluble P-selectin may also adopt 
a different confonnation than membrane-bound P-selectin. Soluble P-selectln has a monomerlc rod-like structure with 
a globular domain at one end, and the membrane-bound molecule forms rosette structures with the globular domain 

45 facing outward (Ushiyama, S. et al., J. Biol. Chem. 268:15229-15237, 1993). Soluble P-selectin may play an important 
role in regulating inflammation and thrombosis by blocking Interactions between leukocytes and activated platelets and 
endothelial cells (Gamble, J.R. et al., Sdence 249:414-417, 1990). The nornial plasma concentration of soluble P- 
selectln is < 200 ng/ml. Blood is nomnally collected using citrate as an anticoagulant, but some studies have used EDTA 
plasma witii additives such as prostaglandin E to prevent platelet activation. EDTA may be a suitable anticoagulant that 

so will yield results comparable to those obtained using citrate. Furthermore, the plasma concentration of soluble P-selectln 
may not be affected by potential platelet activation during the sampling procedure. The plasma soluble P-selectln con- 
centration was signlflcantiy elevated In patients wltii AMI and unstable angina, but not stable angina, even following an 
exercise stress test (Ikeda, H. et b\., Circulation 92:1693-1696, 1995; Tomoda, H. and Aokl, N., /Ing/otog/ 49:807-81 3, 
1998; Hollander, J.E. et al., J. Am. Coll. Cardiol. 34:95-105, 1999; Kaikita, K. et al., C/rcu/af/on 92:1 726-1 730, 1995; 

55 Ikeda, H. et al., Coron. Artery Dis. 5:615-51 8, 1 994). The senslth/lty and specificity of membrane-bound P-selectin versus 
soluble P-selectin for AMI is 71 % versus 76% and 32% versus 45% (Hollander, J.E. et al., J. Am. Coll. Cardiol. 34: 
95-105, 1999). The sensitivrty and specificity of membrane-bound P-selectin versus soluble P-selectin for unstable 
angina + AMI Is 71 % versus 79% and 30% versus 35% (Hollander, J.E. et al., J. Am. Coll. Cardiol. 34:95-105. 1999). 
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P-selectin expression is greater in coronary atherectonfiy speclniens from Iridlvlduals with unstable angina than stable 
angina (Tenaglia, A.N. et a!., Am, 1 CardioL 79:742-747, 1 997). Furthermore, plasma soluble P-selectin may be elevated 
to a greater degree in patients with AMI than in patients with unstable angina. Plasma soluble and membrane-bound P- 
selectin also is elevated in individuals with non-insulin dependent diabetes mellitus and congestive heart failure (Nomura, 

5 S. et al., Thromb. Haemost 80:388-392, 1 998; O'Connor, CM. et al., Am. J, Cardiol. 83:1 345-1 349. 1 999): Soluble P- 
selectin concentration is elevated in the plasma of individuals with idiopathic thrombocytopenic purpura, rheumatoid 
arthritis, hypercholesterolemia, acute stroke, atherosclerosis, hypertension, acute lung injury, connective tissue disease, 
thrombotic thrombocytopenic purpura, hemolytic uremic syndrome, disseminated intravascular coagulation, and chronic 
renal fallurB (Katayama, M. et al., Br. J. Haematol. 84:702-710, 1993; Haznedaroglu, LC. et al., Acta Haematol 101: 

10 16-20, 1999; Ertenll, I. et al., J, Rheumatol 25:1054-1058, 1998; Davl, G. et al.. Circulation 97:953-957, 1998; Frijns, 
C.J. et al., Sfrote 28:2214-221 8, 1997; Blann. A.D. etal., Thromb. Haemost 77:1077-1080, 1997; Blann, A.D. et al., J. 
Hum. Hyperfens.1 1:607-609, 1997; Sakamaki, F. et al., A. J. Respir. Crit. Care Med. 151:1821-1826, 1995; Takeda, I. 
et al., Int. Arch. Allergy Immunol 105:128-134, 1994; Chong. B.H. et al., E/ood 83: 1535-1 541, 1994; Bonomini, M. et 
al., Nephron 79:399-407, 1 998). Additionally, any condition that Involves platelet activation can potentially be a source 

15 of plasma elevations In P-selectln. P-selectin Is rapidly presented on the cell surface following platelet of endothelial cell 
activation. Soluble P-seiectln that has been translated from an alternative mRNA lacking a transmembrane domain is 
also released Into the extracellular space following this activation. Soluble P-selectln can also be fomied by proteolysis 
Involving membrane-bound P-selectin, either directly or Indirectly. Plasma soluble P-selectln is elevated on admission 
In patients with AMI treated witli tPA or coronary angioplasty, with a peak elevation occun'ing 4 hours after onset 

so (Shlmomura, H. et al.. Am. J. Cardiol 81:397-400,1998). Plasma soluble P-selectin was elevated less than one hour 
following an anginal attack in patients with unstable angina, and the concentration decreased with time, approaching 
baseline more than 5 hours after attack onset (Ikeda, H. et al., Circulation92'A 693-1 696, 1 995). The plasma concentration 
of soluble P-selectln can approach 1 |jig/ml in ACS (Ikeda, H. et al., Cordn. Artery Dis. 5:515-518, 1994). Further 
investigation into the release of soluble P-selectln Into and Its removal from the bloodstream need to be conducted. P- 

25 selectln may be a sensitive and speclfb marker of platelet and endothelial cell activation, conditions that support thrombus 
fomriatlon and Inflammation. It Is not, however, a specific marker of ACS.. When used with another marker that is specific 
for cardiac tissue injury, P-selectln may be useful in the discrimination of unstable angina and AMI from stable an^na 
Furthermore, soluble P-selectln may be elevated to a greater degree In AMI than in unstable angina P-setectln nomially 
eidsts in two foims, membrane-bound and soluble: Published investigations note that a soluble fomfi of P-selectln is 

30 produced by platelets and endothelial cells, and by shedding of membrane-bound P-selectin, potentially through a 
proteolytic mechanism. Soluble P-selectin may prove to be the most useful cun-ently Identified marker of platelet activation, 
since Its plasma concentretion may not be as influenced by the blood sampling procedure as other markers of platelet 
activation, such as PF4 and p-TG. 

[0069] Thrombin is a 37 kDa serine proteinase that proteolytlcally cleaves fibrinogen to forni fibrin, which Is ultimately 

35 Integrated Into a crosslinked network during clotfonnatlon. Antithrombln III (ATlll) Is a 65 kDa serine proteinase Inhibitor 
that Is a physiological regulator of thrombin, factor XIa, factor Xlla, and factor iXa proteolytic activity. The Inhibitory 
activity of ATlll is dependent upon the binding of heparin. Heparin enhances the Inhibitory activity of ATlll by 2-3 orders 
of magnitude, resulting in almost instantaneous Inactivatlon ofproteinases inhibited by ATlll. ATlll Inhibits Its target 
proteinases through the fonnatlon of a covalent 1:1 stoichiometric complex. The nonnai plasma concentration of the 

^ approximately 100 kDa thrombin -ATI 1 1 complex (TAT) is < 5 ng/ml (50 pM). TAT concentration is elevated in patients 
with AMI and unstable angina, especially during sporrtaneous ischemk: episodes (Blasucci, L.M. et al., Am. J. Cardiol 
77:85-87, 1996; Klenast, J. et al., Thromb. Haemost. 70:550-553, 1993). Furthemiore, TAT may be elevated in the 
plasma of Individuals with stable angina (Manten, A. et al., Cardiovasc. Res. 40:389-395, 1 998). Other published reports 
have found no significant differences in the concentration of TAT in the plasma of patients with ACS (Manten, A. et al,. 

45 Cardiovasc. Res. 40:389-395. 1998; Hoffmeister, H.M. et al.,^fherosc/e/Tos/s 144:151 -157, 1999). Further investigation 
Is needed to detemnine plasma TAT concentration changes associated with ACS. Elevation of the plasma TAT concen- 
tretion Is associated with any condition associated witii coagulation activation, Including stroke, surgery, treuma, dis- 
seminated intravascular coagulation, and tiirombotic thrombocytopenic purpura. TAT is fonned immediately following 
thrombin activation In the presence of heparin, which is the limiting factor in this Interaction. TAT has a half-life of 

so approximately 5 minutes in the bloodstream (Biasucci. LM. et al., Am. J. Cardiol 77:85-87,1996). TAT concentration 
Is elevated in, exhibits a sharp drop after 15 minutes, and returns to baseline less than 1 hour following coagulation 
activation. The plasma concentretion of TAT can approach 50 ng/ml in ACS (Blasucd, LM. et al.. Circulation 93: 
2727-2127,1 996). TATls a specific marker of coagulation activation, specifrcally, thrombin activation. TAT may be useful 
as a marker of coagulation activation on a diagnostic pane! with other markers that are specific for plaque rupture and/or 

55 cardiac tissue Injury. 

[0070] D-dimer Is a crosslinked fibrin degredatlon product witii an approximate molecular mass of 200 kDa. The normal 
plasma concentration of D-dlmer is < 1 50 ng/ml (750 pM). The plasma concentretion of D-dimer is elevated in patients 
with AMI and unstable angina, but not stable angina (Hoffmeister, H.M. et al., Circulation 91 :2520-2527, 1 995; Bayes- 
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Genls, A. et ah, Thromb. Haemost. 81:865-868, 1999; Gurfinkel, E. et al., Br. Heart J. 71:151-155, 1994; Kruskal, J.B. 
.etaL, N. Engl. J. Med. 317:1361 -1385, 1987; Tanaka, M. and Suzuki, A., Thromb. Res. 76:289-298, 1994). The plasma 
concentration of D-dirner also will be elevated during any condition associated with coagulation and fibrinolysis activation, 
including stroke, surgery, atherosclerosis, trauma, and thrombotte thrombocytopenuic purpura. D-dlmer is released into * 

s the bloodstream immediately following proteolytic clot dissolution by plasmin. Plasma D-dlmer concentrations are ele- 
vated soon after ACS onset (within 6 hours), and will remain elevated in proportion to the degree of hypercoagulability 
of the individual. In this regard, further Investigation is needed to detiamriine the kinetics of D-dimer removal fonn the 
bloodstream following ACS. The plasma concentration of D-dlmer can exceed 2 \ig/m\ in patients with unstable angina 
(Gurfinkel, E. etal.. Sr. Heart J. 71:151-155, 1994). Plasma D-dinrjer is a specific mari<er of fibrinolysis and indicates 

10 the presence of a prothrombotlc state associated with AMI and unstable angina. D-dlmer is not specific for ACS, and 
plasma elevations of D-dlmer may be associated with various risk factors for ACS. However, when used as a member 
of a panel that contains markers specific for cardiac injury, D-dlmer may allow that discrimination of unstable angina 
and AMI from stable angina. This differentiation may allow physicians to more effectively treat patients priesenting with 
acute chest pain. 

15 [0071 ] von Willebrand factor (vWF) is a plasma protein produced by platelets, megakaryocytes, and endothelial cells 
composed of 220 kDa monomers that associate to fomn a series of high molecular weight multimers. These multlmere 
normally range In molecular weight from 600-20,000 kDa vWF participates In the coagulation process by stabilizing 
circulating coagulation factor VIII and by mediating platelet adhesion to exposed subendothellum, as well as to other 
platelets. The Al domain of vWF binds to the platelet glycoprotein Ib-IX-V complex and non-flbrillar collagen type VI, 

20 and the A3 domain binds fibrillar collagen types I and III (Emsley, J. etal., J. Biol. Chem. 273:10396-10401, 1998). Other 
domains present in the vWF molecule include the Integrin binding domain, which mediates platelet-platelet interactions, 
the the protease cleavage domain, whteh appears to be relevant to the pathogenesis of type 11 A von Willebrand disease. 
The Interaction of vWF with platelets is tightly regulated to avoid, interactions between vWF and platelets in nomnal 
physiologic conditions. vWF nomially exists in a globular state, and it undergoes a confomriation transition to an extended 

25 chain structure under conditions of high sheer stress, commonly found at sites of vascular Injury. This confomiational 
change exposes intramolecular domains of the molecule and allows vWF to interact with platelets. Furthemnore, shear 
stress may cause vWF release from endothelial cells, niaklng a larger nunnber of vWF molecules available for Interactions 
with platelets. The conformational change in vWF can be Induced In vitro by the addition of non-physlologlcal modulators 
like ristocetin and botrocetin (Mlyata, S. et al., J. Biol. Chem. 271:9046-9053,1996). At sites of vascular Injury, vWF 

30 rapidly associates with collagen in the subendothelial matrix, and virtually irreversibly binds platelets, effectively fomriing 
a bridge between platelets and the vascular subendothellum at the site of Injury. Evidence also suggests that a confor- 
mational change in VWF may not be required for its Interaction with the subendothelial matrix (Sixma. J.J. and de Groot 
P.G., Mayo CIm. Proc. 66:628-633, 1991). This suggests that vWF may bind to the exposed subendothelial matrix at 
sites of vascular Injury, undergo a conformational change because of the high localized shear stress, and rapidly bind 

35 circulating platelets, which will be Integrated Into the newly fonmed thrombus. Measurement of the total amount of vWF 
would allow one who Is skilled in the art to identify changes in total vWF concentration associated with stroke or cardi- 
ovascular disease. This measurement could be perfomned through the measurement of various forms of the vWF 
molecule. Measurement of the Al domain would allow the measurement of active vWF in the circulation, indicating that 
a pro-coagulant state exists because the Al domain is accessible for platelet binding, in this regard, an assay that 

^ specifically measures vWF molecules with both the exposed A1 domain and either the integrin binding domain or the 
A3 domain would also allow for the identification of active vWF that would be available for mediating platelet-platelet 
Interactions or mediate crossltnklng of platelets to vascular subendothellum, respectively. Measurement of any of these 
vWFfonns, when used in an assay that employs antibodies specific for the protease cleavage domain may allow assays 
to be used to detemiine the circulating concentration of various vWF fonns in any individual, regardless of the presence 

^ of von Willebrand disease. The normal plasma concentration of vWF Is 5-1 0 ^g/ml, or 60-1 10% activity, as measured 
by platelet aggregation . The measurement of specifk: fomns of vWF may be of importance In any type of vascular disease, 
including stroke and cardiovascular disease. The plasma vWF concentration Is reportedly elevated in individuals with 
AMI and unstable angina, but not stable angina (Goto, S. et al., C/n?iy/af/on 99:608-613, 1999; TousouRs, D.et al., Int. 
J. Ca/tf/o/. 56:259-262.1 996; Yazdani, S. etal., J4m Co// Carof/o/ 30: 1284- 1287, 1997; Montalescot, G.etal., Circulation 

so 98:294-299). Furthemnore, elevations of the plasma vWF concentration may be a predictor of adverse clinical outcome 
In patients with unstable angina (Montalescot, G. et al., Circulation 98:294-299). vWF concentrations also have been 
demonstrated to be elevated In patients with stroke and subarachnoid hemorhage, and also appear to be useful in 
assessing risk of mortality following stroke (Blann, A. et al., Blood Coagul. F/bnno/ys/s 10:277-284, 1999; Hirashima, Y. 
et al.. Neurochem Res. 22:1249-1265, 1997; Catto, A.J. et al., Thromb. Hemost. 77:1104-1108, 1997). The plasma 

55 concentration of vWF may be elevated in conjunction with any event that Is associated with endothelial cell damage or 
platelet activation. vWF Is present at high concentration In the bloodstream, and It Is released from platelets and endothelial 
cells upon activation. vWF would likely have the greatest utility as a maricer of platelet activation or, specifically, conditions 
tiiat favor platelet activation and adhesion to sites of vascular Injury. The confomriation of VWF is also known to be 
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altered by high shear stress, as would be associated with a partlalty stenosed blood vessel. As the blood flows past a 
stenosed vessel, it is subjected to shear stress considerably higher than what it encounters in the circulation of an 
undiseased individual. Another aspect of this Invention measures the forms of vWF that arise from shear stress and the 
correlation of the forms to the presence of ACS. 

s [0072] Tissue factor (IF) is a 45 kOa ceil surface protein expressed in brain, kidney, and heart, and in a transcriptionally 
regulated manner on perivascular cells and monocytes. TF fonns a complex with factor Vila in the presence of Ca^^ 
Ions, and It Is physiologically active when it is membrane bound. This complex proteolyticalty cleaves factor X to form 
factor Xa. It is'normalty sequestered from the bloodstream. Tissue factor can be detected in the bloodstream In a soluble 
form, bound to factor VI la, or In a complex with factor Vila, and tissue factor pathway inhibitor that can also Include factor 

10 Xa. TF also Is expressed on the surface of macrophages, which are commonly found in atherosclerotic plaques. The 
normal serum concentration of TF is < 0.2 ng/ml (4.5 pM). The plasma TF concentration is elevated in patients with 
Ischemic heart disease (Faiclani, M. et al., Thromb. Haemost, 79:495-499,1998). TF is elevated in patients with unstable 
angina and AMI, but not in patients with stable angina (Faiclani, M. et al., Thromb, Haemost. 79:495-499, 1 998; Suefuji, 
H. et al., Am, Heart J. 134:253-259, 1 997; Misuml. K. et ai., Am, J. Cardiol. 81 :22-26, 1 998). Furthemiore, TF expression 

15 on macrophages and TF activity in atherosclerotic plaques Is more common in unstable angina than stable angina 
(Soejlma, H. et al., CIrculatiori 99:2908-2913, 1999; Kaiidta, K. et al., Arterloscler. Thromb. Vase. Biol. 17:2232-2237, 
1997; Ardlsslno, D. et aU Lancef 349:769-771, 1997). The differences In plasma TF concentration in stable versus 
unstable angina may not be of statistical significance. Elevations In the serum concentration of TF are associated with 
any condition that causes or is a result of coagulation activation through the extrinsic pathway. These conditions can 

20 Include subarachnoid hemorrhage, disseminated intravascular coagulation, renal failure, vasculitis, and sickle cell dis- 
ease (HIrashlma, Y. et al., StrokeZBA 666-1 670, 1 997; Takahashi. H. et al.. Am. J. Hematol. 46:333-337, 1994; Koyama, 
T. etal., Br. J. Haemato/. 87:343-347, 1994). TF Is released Immediately when vascularlnjury Is cbupledwith extravascular 
cell injury. TF levels in ischemic heart disease patients can exceed 800 pg/ml within 2 days of onset (FalcianI, M. et al., 
Thromb. Haemost. 79:495-499, 1998. TF levels were decreased in the chronic phase of AMI, as compared with the 

2S chronic phase (Suef ujl, H. et al.. Am. Heart J. 1 34:253-259, 1 997). TF is a specific maricer for activation of the extrinsic 
coagulation pathway and the presence of a general hypercoagulable state. It may be a sensitive maricer of vascular 
Injury resulting from plaque mpture and could have some benefit as a member of a panel. It is not specific for ACS, can 
be elevated In many disease states, and may even be artificlaiiy elevated by the blood sampling procedure. However, 
It may be possible to use TF as a marker to rule out patients for thrombolytic therapy. The infusion of tissue-type 

30 plasminogen activator (tPA) during thrombolytic therapy results in an activation of fibrinolysis, and the patient is unable 
to maintain blood clots. The administration of tPA to an Individual with vascular Injury could ultimately result In hemor- 
riiage.. 

[0073] The coagulation cascade can be activated through either the extrinste or intrinsic pathways. These enzymatic 
pathways share one final common pathway. The first step of the common pathway involves the proteolytic cleavage of 

35 prothrombin by the factor Xa/factor Va prothrombinase complex to yield active thrombin. Thrombin Is a serine proteinase 
that proteolytlcally cleaves fibrinogen. Thrombin first removes fibrinopeptlde A from fibrinogen, yielding desAA fibrin 
monomer, which can fomn complexes with all other fibrinogen-derived proteins, including fibrin degradation products, 
fibrinogen degradation products, desAA fibrin, and fibrinogen. The desAA fibrin monomer Is generically referred to as 
soluble fibrin, as it is the first product of fibrinogen cleavage, but It is not yet crossllnked via factor Xllla into an insoluble 

^0 fibrin clot. DesAA fibrin monomer also can undergo further proteolytic cleavage by thrombin to remove fibrinopeptlde 6, 
yielding desAABB fibrin monomer This monomer can polymerize with other desAABB fibrin monomer? to fomn soluble 
desAABB fibrin polymer, also referred to as soluble fibrin or thrombus precursor protein (TpP™"). TpP™ is the Immediate 
precursorto insoluble fibrin, which fonms a "mesh-like" structure to provide structural rigidity to the newly fonned thrombus. 
In this regard, measurement of TpP^" in plasma is a direct measurement of active clot formation. The normal plasma 

45 concentration of TpP™ is < 6 ng/ml (Laurino, J. P. et al., Ann. Clin. Lab. Sci. 27:338-345, 1997). American Biogenetic 
Sciences has developed an assay for TpP'^^ (us Patent Nos. 5453359 and 5843690) and states that Its TpP^^ Q^Q^y 
can assist in the early diagnosis of AMI, the ruling out of AMI In chest pain patients, and the identlftoation of patients 
with unstable angina that will progress to AMI. Other studies have confimied that TpP'^^ \q elevated In patients with AMI, 
most often within 6 hours of onset (Laurino, J.P. et al., Ann. Clin. l^b. Sci. 27:338-345, 1 997; Carville, D.G. et al., Clin. 

50 Chem. 42: 1 537-1 541 , 1 996). The plasma concentration of TpP^w is also elevated In patients with unstable angina, but 
these elevations may be Indicative of the severity of angina and the eventual progression to AMI (Laurino, J.P. et al., 
Ann. Clin. Lab. ScL 27:338-346, 1997). The concentration of TpP^" In plasma will theoretically be elevated during any 
condition that causes or is a result of coagulation activation. Including disseminated Intravascular coagulation, deep 
venous thrombosis, congestive heart failure, surgery, cancer, gastroenteritis, and cocaine overdose (Laurino, J.P. et 
. 55 al., Ann. Clin. Lab. ScL 27:338-345. 1997). TpP™ Is released into the bloodstream Immediately following thrombin 
activation. TpP^^^ likely has a short half-life In the bloodstream because it will be rapidly converted to Insoluble fibrin at 
the site of ck)t fomnation. Plasma TpP^^ concentrations peak within 3 houre of AMI onset, retuming to nonnal after 12 
hours from onset. The plasma concentration of TpP^ can exceed 30 ng/hfil In CVD (Laurino, J.P. et al., Ann. Clin. Lab. 
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Sci. 27:338-345, 1997). TpP'^'^ is a sensitive and specific marker of coagulation activation. It has been demonstrated 
that TpP™ is useful in the diagnosis of AMI, but only when it is used in conjunction with a specific marker of cardiac 
tissue Injury. TpP^" Is not a specific marker of ACS, and its concentration will be elevated in numerous disease states 
that invoh/e coagulation activation, including conditions that are considered risk factors for the development of ACS.. 
5 TpP™ may also be useful in determining the severity of unstable angina. American Biogenetic Sciences, Inc. instmcts 
users of the TpP^^ ELISA assay kit to collect blood using citrate as an anticoagulant, and they recommend against using 
EDTA. The effect of the anticoagulant used during blood sampling on plasma TpP^** levels is cun-entiy unclear. If the 
blood sampling procedure can be controlled, TpP^*^ may be the best available marker for cpagutation activation. 

10 (111) Non-spedfte Markers for Myocardial Injury Related to Atherosclerotic Plaque Rupture 

[0074] The appearance of markers related to atherosclerotic plaque rupture may preceed specific markers of myo- 
cardial injury when ACS is due to atherosclerotic plaque mpture. Potential markers of atherosclerotic plaque rupture 
Include human neutrophil elastase, Inducible nitric oxide synthase, fysophosphatldte acid, malondlaldehyde-modlfled 
15' (ow density lipoprotein, and various members of the matrix metalloprotelnase (MMP) family, including MMP-1, -2, -3, 
and -9. 

[00751 Human neutrophil elastase (HNE) Is a 30 kOa serine proteinase that is normally contained within the azurophilic 
granules of neutrophils. HNE Is released upon neutrophil activation, and.its activity Is regulated by circulating a^-protel- 
nase inhibitor. Activated neutrophils are commonly found in atherosclerotic plaques, and rupture of these plaques may 

20 result in the release of HNE. The plasma HNE concentration is usually measured by detecting HNE-ai-Pl complexes. 
The nomial concentration of these complexes is 50 ng/ml, whfch Indicates a nomial concentration of approximately 25 
ng/hni (0.8 nM) for HNE. HNE release also can be measured through the specific detection of fibrinopeptlde 8^30^3, a 
specific HNE-derived fibrinopeptlde, in plasma. Plasma HNE is elevated in patients with coronary stenosis, and its 
elevation Is greater In patients with complex plaques than those with simple plaques (Kosar, F. et al., Angiology4S: 

25 193-201. 1998; Amaro, A. et al., Eur, Heart J. 16:615-622, 1995). Plasma HNE Is not significantly elevated in patients 
with stable angina, but Is elevated inpatients with unstable angina and AMI, as determined by measuring fibrinopeptlde 
BPso^, with concentrations In unstable angina being 2.5-fold higher than those associated with AMI (Dinemnan, J.L et 
al., J. Am. Coll. Cardiol. 15:1559-1563. 1990; Mehta, J. et al., C/rcu/atfon 79:549-556, 1989). Serum HNE is elevated 
in cardiac surgery, exercise-induced muscle damage, giant cell arteritis, acute respiratory distress syndrome, appendi- 

30 cftis, pancreatitis, sepsis, smoking-associated emphysema, and cystic fibrosis {Genereau, T. et al., J. Rheumatol. 25: 
710-713, 1998; Mooser. V. et al., Arterlosder, Thromb. Vase. Biol, 19:1060-1065, 1999; Gieeson, M. et al.. Eur. J, AppL 
PhystoL 77:543-546, 1 998; Gando. S. et al.. J Trauma 42:1 068-1 072,1 997; Eriksson, S. et al.. Eur. J. Surg, 1 61 :901 -905, 
1995; Llras, G. et al., Rev, E$p. Enferm. Dig. 87:641-652, 1995; Endo, S. et al., J. Inflamm. 45:136-142, 1995; Janoff, 
A.. Annu Rev Med 36:207-21 6, 1985). HNE may also be released during blood coagulation (Plow, E.F. and Plescia, J., 

35 Thromb. Haemost. 59:360-363,1988; Plow, E.F.. J. C//n. Invest 69:564-572,1982). Serum elevations of HNE could also 
be associated with any non-specific infection or inflammatory state that involves neutrophil recruitment and activation. 
It is most likely released upon plaque rupture, since activated neutrophils are present In atherosclerotic plaques. HNE 
is presumably cleared by the liver after it has fomied a complex with a^-PI. 

[0076] Inducible nitric oxide synthase (INOS) is a 130 kDa cytosoiic protein In epithelial cells macrophages whose 

^ expression. is regulated by cytokines, including interferon^, interleukin-1p, interleukin-6, and tumor necrosis factor ot, 
and ilpopotysaccharide. INOS catalyzes the synthesis of nitric oxide (NO) from L-arginine, and its induction results in a 
sustained high-output production of NO, which has antimicrobial activity and is a mediator of a variety of physiological 
and inflammatory events. NO production by INOS is approximately 100 fold more than the amount produced by consti- 
. tutively-expressed NOS (Depre, C. et aL, Cardlovasc. Res. 41:465-472, 1999). There are no published investigations 

^ of plasma iNOS concentration changes associated with ACS. INOS is expressed in coronary atherosclerotic plaque, 
and It may interfere with plaque stability through the production of peroxynitrate, whteh is a product of NO and superoxide 
and enhances platelet adhesion and aggregation (Depre, C. et al. , Cardlovasc. Res. 41 :465-472, 1 999). rNOS expression 
during cardiac Ischemia may not be elevated, suggesting that iNOS may be useful in the differentiation of angina from 
AMI (Hammemian, S.I. et al., Am. J. Physiol. 277:H1579-H1592, 1999; Kaye. D.M. et al., Life Sc/ 62:883-887, 1998). 

so Elevations in the plasma INOS concentration may be associated with cirrhosis, iron-deficiency anemia, or any other 
condition that results in macrophage activation, including bacteria! infection (Jimenez, W. et al., Hepafo/osry30:670-676, 
1 999; Nl, Z. et at., KIdrteylnt. 52:1 95-201 , 1 997). INOS may be released Into the bloodstream as a result of atherosclerotic 
plaque rupture, and the presence of increased amounts of INOS In the bloodstream may not only indicate that plaque 
njpture has occun'ed, but also that an ideal environment has been created to promote platelet adhesion. However, INOS 

55 is not specific for atherosclerotic plaque rupture, and its expression can be induced during non-specific inflammatory 
conditions. 

[0077] Lysophosphatidlc acid (LPA) is a lysophosphollpid intemnediate fonned in the synthesis of phosphoglycerides 
and triacylglycerols. It Is formed by the acylatlon of gtycen)l-3 phosphate by acyl-coenzyme A and during mild oxidation 
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of low-density lipoprotein (LDL). LPA Is a lipid second messenger with vasoactive properties, and It can function as a 
platelet activator. LPA Is a connponent of atherosclerotic lesions, particularly In the core, which is most prone to rupture 
(Siess, W., Proc, Natl Acad ScL U. S. A 96, 6931-6936, 1999). The nomna) plaema LPA concentration is 540 nM. 
Serum LPA is elevated In renal failure and in ovarian cancer and other gynecologic cancers (Sasagawa, T. et al., J. 

5 Nutr.Scl. Wfam/no/.CTo!cyo)44:809-818.1998;Xu, Y.etal., J/lAfM280:719-723, 1998). In the context of unstable angina, 
LPA is most likely released as a direct result of plaque rupture. The plasma LPA concentration can exceed 60 pM in 
patients with gynecplogic cancers (Xu, Y. et ai., JAMA 280:719-723, 1998). Semm LPA may be a useful marker of 
atherosclerotic plaque rupture, whteh may allow the discrimination of unstable angina from stable angina. However. LPA 
may not be as specific as other markers of plaque rupture. 

10 [0078] Malondialdehyde-modlfied low-density lipoprotein (MDA-modified LDL) is formed during the oxidation of the 
apoB-100 moiety of LDL as a result of phosphoiipase activity, prostaglandin synthesis, or platelet activation. MDA- 
modified LDL can be distinguished from oxidized LDL because MDA modifications of LDL occur in the absence of lipid 
peroxidation (IHolvoet, P., Acta Cardhl. 53:253-260, 1998). The normal plasma concentration ofMDA-modlfied LDL is 
less than 4 ^g/ml (-10 iiM). Plasma concentrations of oxidized LDL are elevated in stable angina, unstable angina, and 

IS AMI, Indicating that It may be a marker of atherosclerosis (Hotvoet, P., Acta Cardiol. 53:253-260, 1 998; Holvoet, P. et 
at., C/>cu/atfon 98:1487-1494, 1998). Plasma MDA-modlfled LDL is not elevated tn stable angina, but is significantly 
elevated In unstable angina and AMI (Holvoet Ac^ CardioL 53:253-260,1996; Holvoet, P. et al.. Circulation 98: 
1487-1494, 1998; Holvoet, P.etal., J/UVf;\281:1718-1721. 1999). Plasma MDA-modlfled LDL Is elevated In individuals 
with beta-thallasemla and tn renal transplant patients (Uvrea, M.A. et al., d/ood92:3936-3942, 1 998; Ghanem, H. et al., 

20 Kidney Int. 49:488-493, 1 996; van den Dorpe\, M.A. et a!., Transpl. tnt 9 Suppl. 1 :S54-857, 1 996). Furthennore, serum 
MDA-modtfied LDL may be elevated during hypoxia (Baiagopalakrishna, C. et al.. Adv. Exp. Med. Btol. 411:337-345, 
1 997). The plasma concentration of MDA-modified LDL is elevated within 6-8 hours from the onset of chest pain. Plasma 
concentrations of MDA-modrfied LDL can approach 20 jig/ml (-50 fiM) in patients with AMI, and 16 p.g/ml (-40 yM) in 
patients with unstable angina (Holvoet. P. et al., Circulation 98:1487-1494, 1998). Plasma MDA-modlfied LDL has a 

25 half-life of less than 5 minutes In mtee (Ling, W. et al., J. Clin. Invest. 100:244-252, 1997). MDA-modlfied LDL appears 
to be a specific marker of atherosclerotic plaque rupture tn acute coronary symptoms. It is unclear, however, if elevations 
in the plasma concentration of M DA-modlfled LDL are a result of plaque rupture or platelet activation. The most reasonable 
explanation is that the presence of Increased amounts of MDA-modlfied LDL Is an indication of both events. MDA- 
modtfled LDL may be useful in discriminating unstable angina and AMI from stable angina, but it atone can not distinguish 

30 AMI from unstable angina. In this regard, MDA-modlfied LDL would be most useful as part of a panel of markers, 
particutariy with another marker tiiat can distinguish AMI from unstable angina 

[0079] Matrix metalloproteinase-l (MMP-1 ). also called collagenase-1 , is a 41/44 kDa zinc- and calcium-binding pro- 
teinase tiiat cleaves primarily type I collagen, but can also cleave collagen types tl, III, VII and X. The active 41/44 kDa 
enzyme can undergo autolysis to tiie still active 22/27 kDa fomi. MMP-1 Is synthesized by a variety of cells, including 

35 smooth muscle cells, mast cells, macrophage-derlved foam cells, T lymphocytes, and endothelial cells (Johnson. J.L 
eXa\.,Arterioscler. Thromb. l/ascS/o/. 18:1707-1715, 1998). MMP-1, like otherMMPs, is involvedinextracetlularmatrix 
. remodeling, which can occurfollowing injury or during intervascular cell migration. MMP-1 can be found in the bloodstream 
either in a free fonn or in complex wltii TIMP-1 , its natural inhibitor. MMP-1 is normally found at a concentration of < 25 
ng/ml In plasma. There have been no conclusive published investigations into changes in the serum or plasma concen- 

40 tration of MMP-1 associated with ACS. However, MMP-1 is found in the shoulder region of atherosclerotic plaques, 
which is the region most prone to rupture, and may be Involved in atherosclerotic plaque destabiiization (Johnson, J.L 
et al., Anerioscler. Thromb. Vase. Biol. 18:1707-1715, 1998). Furthennore, MMP-1 has been impiteated in the patho- 
genesis of myocardial reperfusion injury (Shlbata, M. etal., i4np/o/ogy 50:573-582, 1 999). Serum MMP-1 may be elevated 
inflammatory conditions that induce mast cell degranulation. Semm MMP-1 concentrations are elevated in patients with 
. 45 arthritis and systemic lupus erythematosus (Keyszer, G. et al., Z ffheu/nato/57:392-398, 1 998; Keyszer, G. J. Rheumatol. 
26:251 -258, 1 999). Serum MMP-1 also is elevated In patients with prostate cancer, and the degree of elevation corre- 
sponds to the metastatic potential of the tumor (Baker, T. etal., Br. J. Cancer70:506-51 2, 1 994). The serum concentration 
of MMP-1 may also be elevated in patients with other types of cancer. Serum MMP-1 Is decreased In patients witti 
hemochromatosis and also in patients with chronic viral hepatitis, where the concentration is inversely related to the 

so severity (George, D.K. et al., Gwf 42:715-720, 1998; Murawaki, Y. et al., J. Gastroenterol. Hepatol. 14:138-146,1999). 
MMP-1 is released during mast ceil degranulation. and is presumably released during atherosclerotic plaque mpture. 
MMP-1 concentrations are lower In heparinlzed plasma than In EDTA plasma or serum, and diluted samples give higher 
concentration values in an ELISA assay than undiluted samples, presumable due to reduction of the inihibftory effects 
of protein MMP inhibitors or matrix components (Lein, M. et al., Clin. Biochem. 30:491 -496, 1 997). Serum MMP-1 was 

S5 decreased In the first four days f ollovving AMI, and Increased thereafter, reaching peak levels 2 weeks after the onset 
of AMI (George, D.K. etal., Giif 42:71 5-720,1 998). 

[0080] Matrix metaiIoproteina8e-2 (MMP-2), also called geiatinase A, is a 66 kDa zinc- and calcium-binding proteinase 
that is synthesized as an Inactive 72 kDa precursor. Mature MMP-3 cleaves type I gelatin and collagen of types IV, V, 
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VII, and X. MMP-2 Is synthesized by a variety of cells, including vascular smooth muscle cells, mast cells, macrophage- 
derived foam ceils, T lymphocytes, and endothelial cells (Johnson, J.L et al., Arteriosder. Thromb. Vnsc. BioL 18: 
1707-1715,1998). MMP-2 Is usually found in plasma in complex with TlMP-2, Its physiological regulator (Murawaki, Y. 
et al., J. HepatoL 30:1090-1098, 1999). The nomnal plasma concentration of MMP-2 is < -550 n^ml (8 nM). MMP-2 

5 expression is elevated in vascular smooth muscle cells within atherosclerotic lesions, and It may be released Into the 
bloodstream in cases of plaque instability (Kai, H. et aL, 1 Am. Coll. Cardiol. 32:368-372, 1 998), Furthermore, MMP-2 
has been implicated as a contributor to plaque Instability and rupture (Shah, P.K. et al., C//ic:L//af/on 92:1 565-1 569. 1995). 
Serum MMP-2 concentrations were elevated In patients with stable angina, unstable angina, and AMI, with elevations 
being significantly greater In unstable angina and AMI than In stable angina (Kal, H. et aL, J. Am. Coll. Cardiol. 32: 

to 368-372, 1998). There was no change in the semm MMP-2 concentration in individuals with stable angina following a 
treadmill exercise test (Kal, H. et al., J. Am. Coll. Cardiol. 32:368-372, 1998), Serum and plasma MMP-2 Is elevated in 
patients with gastric cancer, hepatocellular carcinoma, liver cirrhosis, urothelial carcinoma, rheumatoid arthritis, and 
lung cancer (Murawaki, Y. et al., J. HepatoL 30:1 090-1 098, 1 999; Endo, K, et al., Anticancer Res. 17:2253-2258,1 997; 
Gohji, K. et al., Cancer 78:2379-2387. 1996; Gruber. B.L et al„ Clin. Immunol. Immunopathol. 78:161-171, 1996; 

15 Garbisa, S, et al., Cancer Res. 52:4648-4649, 1992). Furthermore, MMP-2 may also be translocated from the platelet 
cytosol to the extracellular space during platelet aggregation (Sawicki, G. et al., Thromb. Haemost 80:836-839, 1998). 
MMP-2 was elevated on admission In the serum of individuals with unstable angina and AMI, with maximum levels 
approaching 1 .5 ixg/ml (25 nM) (Kal, H. et at., J. Am. Coll. CardloL 32:368-372, 1 998). The serum MMP-2 concentration 
peaked 1-3 days after onset In both unstable angina and AMI, and started to return to normal after 1 week (Kal, H. et 

so al., J. Am, Coil. Cardiol 32:368-372, 1 998). 

[00811 Matrix metalloprotelnase-3 (MMP-3), also called stromelysln-1 , Is a 45 kDa zinc- and calcium-binding proteinase 
that is synthesized as an inactive 60 kDa precursor. Mature MMP-3 cleaves proteoglycan, fibrinectin, laminin, and type 
IV collagen, but not type I collagen. MMP-3 is synthesized by a variety of cells, Including smooth muscle ceils, mast 
cells, macrophage-derived foam cells. T lymphocytes, and endothelial cells (Johnson, J.L et al., Arteriosder. Thromb. 

2s Vase. BioL 18:1707-1715, 1998). MMP-3. like other MNIPs, is Involved In extracellular matrix remodeling, whteh can 
occur following Injury or during intervascular cell migration. MMP-3 is nonnally found et a concentration of < 126 ng/ml 
in plasma. The serum MMP-3 concentration also has been shown to Increase with age. and the concentration in males 
^ is appn>ximately 2 times higher in maliss than in females (Mantoourt; D.H. et at.. Arthritis Rheum. 37:1774-1783, 1994). 
There have been no conclusive published investigations into changes in the serum or plasma concentration of MMP-3 

50 associated, with ACS. However, MMP-3 is found in the shoulder region of atherosclerotic plaques, which is the region 
most prone to rupture, and may be Involved In atherosclerotic plaque destabilizatlon (Johnson, J.L. et al., Arteriosder. 
Thromb. Vase. BioL 18:1 707-1 71 5, 1 998). Therefore. MM P-3 concentration may be elevated as a result of atherosclerotic 
plaque rupture In unstable angina. Serum MMP-3 may be elevated Inflammatory conditions that induce mast cell de- 
granulation. Serum MMP-3 concentrations are elevated in patients with arthritis and systemic lupus erythematosus 

.35 (Zucker, S. et al. J. RheumatoL 26:78-80, 1999; Keyszer. G. et al., Z Rheumatol. 57:392-398, 1998; Keyszer, G. et al. 
J. RheumatoL 26:251-258, 1999). Serum MMP-3 also is elevated in patients with prostate and urothelial cancer, and 
also glomerulonephritis (Lein, M. et al., Urotoge A 37:377-381, 1998; Gohji, K. et al., Cancer 78:2379-2387, 1996; 
Akiyama, K. etal., Res. Commun. MoL PathoL P/iamraco/. 95:1 15-1 28, 1997). The serum concentration of MMP-3 may 
also be elevated In patients with other types of cancer. Serum MMP-3 Is decreased In patients with hemochromatosis 

40 (George, D.K. et al., Gi;f 42:715-720, 1998). 

[D082] Matrix m6talloproteinase-9 (MMP-9) also called gelatinase B, is an 84 kDa zinc- and calcium-binding proteinase 
tiiat Is synthesized as an Inactive 92 kDa precursor. Mature MMP-9 cleaves gelatin types t and V, and collagen types 
IV and V. MMP-9 exists as a monomer, a homodimer, and a heterodimer with a 25 kDa Og.mlcrogiobulln-ralated protein 
(Triebel, S. et al., FEBS Lett. 314:386-388, 1992). MMP-9 Is synthesized by a variety of cell types, most notably by 

45 neutrophils. The nomrial plasma concentration of MMP-9 is < 35 ng/ml (400 pM). MMP-9 expression is elevated in 
vascular smooth muscle cells within atiieroscierotic iesions, and it may be released into the bloodstream in cases of 
plaque instability (Kai, IH. et al., J. Am. ColL Cardiol. 32:368-372, 1998). Furthemiore, MMP-9 may have a pathogenic 
role in the development of AGS (Brown, D.L et al., CZ/cu/atfor? 91:2125-2131, 1995). Plasma MMP-9 concentrations 
are significantly elevated In patients with unstable angina and AMI, but not stable angina (Kal, H. et al., J. Am. ColL 

so CardioL 32:368-372, 1 998). The elevations in patients witii AMI may also indicate that those Individuals were suffering 
from unstable angina. Elevations in the plasma concentration of MMP-9 may also be greater In unstable angina tiian in 
AMI, but these differences may not be statistically significant. There was no significant change In plasma MMP-9 levels 
after a treadmill exercise test in patients with stable angina (Kai, H. et al., J. Am. ColL Cardiol. 32:368-372, 1 998). Plasma 
MMP-9 is elevated in individuals with rheumatoid arthritis, septic shock, giant cell arteritis and various carcinomas 

55 (Gmber, B.L etal., Clin. ImmunoL immunopathol 78:161-171, 1996; Nakamura, T. et aL, Am. J. Med. ScL 316:355-360, 
1998; Blankaert, D. etal.. J. Acqulr. immune Defic. Syndr. Hum. Hefrov/fo/. 18:203-209, 1998; Endo, K. etal.. Anticancer 
Res. 17:2253-2258, 1997; Hayasaka, A. et al., Hepatoi^y 24:1058-1062, 1996; Moore, D.H. et al., Gynecol. Oncol 
65:78-82. 1997; Sorbl, D. et al.. Arthritis Rheum. 39:1747-1753. 1996; lizasa. T. et al.. Clin., Cancer Res.. 5:149-153, 
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1999). Furthermore, the plasma MMP-9 concentration may be elevated In stroke and cerebral hemorrhage (Mun-Biyce, 
S. and Rosenberg, G.A, J. Cereb. Blood Flow Metab. 18:1 1 63-1 1 72, 1998; Romanic, A.M. et al., Sfrote 29: 1020-1 030, 
1 998; Rosenberg, G. A., J, Neurotrauma 1 2:833-842, 1 995). MMP-9 was elevated on admission tn the serum of individuals 
with unstable angina and AMI, with maximum levels approaching 150 ng/ml (1 .7 nM) (Kai, H. et al., J. Am. Coll Cardiol. 
5 32:368-372, 1998). The serum MMP-9 concentration was highest on admission in patients unstable angina, and the 
concentration decreased gradually after treatment, approaching baseline more than 1 week after onset (Kal, H. et al., 
J. Am, Coll. Cardiol. 32:368-372, 1998). 

(iv) Other Non-specific Markers of Myocardial Injury 

10 

[0083] Activation of the inflammatory response may be manifested in the early stages of ACS. in this regard, meas- 
urement of the circulating concentrations of non-speciflo markers of Inflammation and acute phase reactants may be of 
use in identifying individuals with ACS, as well as individuals at risk for developing ACS. Examples of such markers 
associated with inflammation and the acute phase response inctude C-reactive protein, interleukln-1p, lnterleukin-1 

15 receptor antagonist, interleukln-6, monocyte chemotactic proteIn-1 , soluble Intercellular adhesion molecule-1, soluble 
vascular cell adhesion molecule-1 , tumor necrosis factor a, caspa8e-3 and hemoglobin 02- 
[0084] C-reactlve protein is a (CRP) is a homopentamerlc Ca^-^-binding acute phase protein with 21 kDa subunlts that 
is involved in host defense. CRP preferentially binds to phosphorylcholine, acommon constituent of microbial membranes. 
Phosphorytchollne is also found in mammalian cell membranes, but it is not present In a fonr) that is reactive with CRP. 

so The Interaction of CRP with phosphorylcholine promotes agglutination and opsonization of bacteria, as well as activation 
of the complement cascade, all of whk:h are involved In bacterial clearance. Furthennore, CRP can Interact with DNA 
and hlstones, and it has been suggested that CRP Is a scavenger of nuclear material released from damaged cells into 
the circulation (Robey, F.A et al., J. Biol. Chem. 259:731 1 -731 6, 1984). CRP synthesis is induced by li-6, and indirectly 
by IL-1 , since IL-1 can trigger the synthesis of IL-6 by Kupffer cells In the hepatic sinusoids. The nonnal plasma con- 

S5 centration of CRP Is < 3 jig/ml (30 nM) in 90% of the healthy population, and < 10 jjig/ml (100 nM) in 99% of healthy 
individuals. Plasma CRP concentrations can be measured by rate nephelometry or ELISA. The plasma concentration 
of CRP Is significantly elevated In patients with AMI and unstable angina, but not stable angina (Biasucci, LM. et al., 
C/fca/affon 94: 674-877, 1996; Biasucci, LM. et al., Am. J. Cardiol 77:85-87, 1996; Benamer, H. et al., Am. J. Cardiol 
82:845-850. 1998; Caiigiurl, G. et al.. J. Am. Coil Cardiol 32:1295-1304, 1998; Curzen, N.P. et al., Hea/t 80:23-27. 

a? 1998; Dangas, G. et al., Am. J. Cardiol 83:583-5. A7, 1999). CRP may also be elevated in the plasma of individuals 
with variant or resolving unstable angina, but mixed results have been reported (Benamer, H: et al., Am. J. Cardiol 82: 
845-850,1998; Caliglurl, G. et al.. J. Am. Coll Cardie^. 32:1295-1304, 1998). CRP may not be useful in predating the 
outcome of patients with AMI or unstable angina (Curzen, N.P. et al., Hearf 80:23-27, 1998; Rebuzzi, A.G. et al., Am. 
J. Cardiol 82:71 5-71 9. 1 998; Oltrona. L. et al. . Am. J. Cardiol 80: 1 002-1 006, 1 997). The concentration of CRP will be 

35 elevated in the plasma from Individuals with any condition that may elicit an acute phase response, such as Infection, 
surgery, trauma, and stroke. CRP is a secreted protein that is released into the bloodstream soon after synthesis. CRP 
synthesis Is upregulated by IL-6, and the plasma CRP concentration Is significantly elevated within 6 hours of stimulation 
(Biasucci, L.M. et al.. Am. J. Cardiol 77:85-87, 1996). The plasma CRP concentration peaks approximately 50 hours 
after stimulation, and begins to decrease with a half-life of approximately 19 hours in the bloodstream (Biasucci, L.M. 
et aL, Am. J. Cardiol 77:85-87, 1996). Other investigations have confimned that the plasma CRP concentration in 
individuals with unstable angina (Biasucci, LM. et at.. Circulation 94:874-877, 1 996). The plasma concentration of CRP 
can approach 1 00 fig/ml (1 p.M) In individuals with ACS (Biasucci, LM. et al., ClrculaHon 94:874-877, 1 996; Liuzzo, G. 
et al., Circutatior) 94:2373-2380, 1 996). CRP is a specific marker of the acute phase response. Elevations of CRP have 
been Identified In the plasma of Individuals with AMI and unstable angina, most likely as a result of activation of the 

^ acute phase response associated with atherosclerotic plaque rupture or cardiac tissue injury. CRP is a highly nonspecific 
marker for ACS, and elevations of the CRP concentration in plasma may occur from unrelated conditions Involving 
activation of the immune system. Despite its high degree of non-specificity for ACS, CRP may be useful In the identification 
of unstable angina and AMI when used with another marker that is specific for cardiac tissue injury. Plasma has a high 
concentration of CRP and there is much variability in the reported concentration of CRP In the blood of healthy individuals. 

so Further investigation using a uniform assay, most likely a competitive Immunoassay, on a range of plasma samples is 
necessary to detennine the upper limits of the concentration of CRP in the plasma of apparently healthy Individuals. 
[0085] lnterleuldn-1 13 (IL-1 13) Is a 1 7 kDa secreted proinflammatory cytokine that Is Involved in the acute phase response 
and is a pathogenic mediator of many diseases. IL-1p is nomnally produced by macrophages and epithelial cells. IL-1 p 
is also released from cells undergoing apoptosis. The nonnal serum concentration of IL-1 p is < 30 pg/m! (1 .8 pM). There 

ss have been no conclusive investigations into potential elevations of the plasma concentration of IL-1 p in individuals with 
ACS, possibly due to sensitivity limitations of the essay or clearance of IL-1 p from the bloodstream soon aller ACS onset 
In theory, IL-1 p would be elevated earlier than other acute phase proteins such as CRP in unstable angina and AMI, 
since IL-1 p is an early participant In the acute phase response. Furthermore, IL-ip Is released from cells undergoing 
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apoptosis, which may be activated in the early stages of Ischemia, in this regard, elevation of the plasma iL-1 p concen- 
tration associated with ACS requires further investigation using a high-sensitivity assay. Elevations of the plasma IL-1 p 
concentration are associated with activation of the acute phase response In proinflammatory conditions such as trauma 
and infection. IL-1 p has a biphasic physiological half-life of 5 minutes followed by 4 hours (Kudo, S. et al., Cancer /?es. 

5 50:5751 -5756,1990). IL-lp is released Into the extracellular milieu upon activation of the inflammatory response or 
apoptosis. It is possible that IL-ip is elevated for only a short time after AMI and unstable angina episodes, and most 
blood samples taken on admission from patients with ACS are outside the window of IL-I p elevation following insult. 
[0086] lnterleukln-1 receptor antagonist (IL-Ira) is a 17 IcDa member of the IL-1 family predominantly expressed in 
hepatocytes, epithelial celts, monocytes, macrophages, and neutrophils. IL-Ira has both Intracellular and extracellular 

10 fomns produced through alternative splicing. lL-1 ra is thought to participate in the regulation of physiological lL-1 activity. 
lL-1 ra has no IL-1 -like physioiogical activity, but is able to bind the IL-1 receptor on T-cells and fibroblasts with an affinity 
similar to that of IL-ip, blocking the binding of IL-1 a and 1L-1P and Inhibiting their bioactivity (Stockman, B.J. et al., 
Biochemistry 3^5237-52^5, 1992; Eisenberg, S.P. et ai., Proc. Natl, Acad Scl. U S. A. 88:5232-5236, 1991; Carter, 
D.B. et al., A/afz/re 344:633-636, 1990). iL-1 ra Is nonnaiiy present In higher concentrations than IL-1 In plasma, and It 

15 has been suggested that IL-1 ra levels are a better correlate of disease severity than IL-1 (Biasucci, LM, et al., Circulation 
99:2079-2084, 1999). Furthermore, there is evidence that IL-Ira Is an acute phase protein (Gabay, C. et al., J. Clin. 
Invest, 99:2930-2940. 1 997). The nomnal plasma concentration of I L-1 ra Is < 200 pg^ml (1 2pM). The plasmaconcentration 
of iL-1rals elevated In patients with AMI and unstable anginathat proceeded to AMI, death, or refractory angina (Blasucci, 
LM. etal., C//cii/af/o/7 99:2079-2084, 1999; Latlnl, R. eta!., J. Cardlovasc. Pharmacol. ZZ'A-S, 1994). Furthennore, IL- 

20 1ra was significantly elevated In severe AM I as compared to uncomplicated AM I (Latlnl, R. etal.,*^. Cardlovasc. Phar- 
macol 23:1-6, 1994). This indbates that IL-Ira may be a useful marker of ACS severity in unstable angina and AMI. 
Elevations in the plasma concentration of IL-1 ra are associated with any condition that involves activation of the inflam- 
matory or acute phase response, including infection, trauma, and arthritis. IL-1 ra is released into the bloodstream In pro- 
inflammatory conditions, and It may also be released as a participant in the acute phase response. The major sources 

25 Of Clearance of IL-1 ra from the bloodstream appear to be kidney and liver (Kim. D.C. et al., J. Phanv. Scl. 84:575-580, 
1995). iL-1 ra concentrations were elevated in the plasma of Individuals with unstable angina within 24 hours of onset, 
and these elevations may even be evident within 2 hours of onset (Blasucci, L.M. et al., ^/cii/afifon99:2079-2084, 1 999). 
In patients with severe progression of unstable angina, the plasma concentration of IL-Ira was higher 48 hours after 
onset than levels at admission, while the concentration decreased in patients with uneventful progression (Blasucci, 

30 LM. et al., Circulation 99:2079-2084, 1 999). in addition, the plasma concentration of IL-l ra associated with unstable 
angina can approach 1.4 ng/mi (80 pM). IL-Ira may be a useful marker of ACS severity. It is not a specific marker of 
ACS, but changes In the plasma concentration of IL-1 re appear to be related to disease severity. Furthermore, It is likely 
released In conjunction with or soon after IL-1 release in pro-inflammatory conditions, and ft Is found at higher concen- 
trations than lL-1 . This Indicates that lL-1 ra may be a useful Indirect marker of lL-1 activity, which elicits the production 

S5 of IL-6. Thus, IL-1 ra may be useful not only in grading the severity of unstable angina and AMI, but also in the identiftoatlon 
of the early stages of the acute phase response, before IL-6 concentrations are significantly elevated. 
[0087] lnterleukin-6 (IL-6) is a 20 kDa secreted protein that is a hematopoletin farhily proinflammatory cytokine. IL-6 
is an acute-phase reactant and stimulates the synthesis of a variety of proteins, including adhesion molecules. Its maj 
or function is to nriediate the acute phase production of hepatic proteins, and its synthesis is induced by the cytokine IL- 

^ 1 . iL-6 is nomnaily produced by macrophages and T lymphocytes. The nonnal serum concentration of IL-6 is < 3 pg/ml 
(0.15 pM). The plasma concentration of lL-6 is elevated In patients with AMI and unstable angina, to a greater degree 
in AMI (Biasucci, LM. et al, a/n»//at/on94:874-877, 1 996; Manten, A. etal., Cardlovasc. Res. 40:389-395, 1 998; Blasucci, 
L.M. etal., C/rcu/af/on 99:2079-2084, 1999). IL-6 is not significantly elevated in the plasma of patients with stable angina 
(Blasucci, LM. et al., Circulation 94:674-877, 1 996; Manten, A. et al., Cardlovasc. Res, 40:369-395, 1 998). Furthemiore, 

45 IL-6 concentrations Increase over 48 hours from onset In the plasma of patients with unstable angina with severe 
progression, but decrease in those with uneventful progression (Biasucci, L.M. et al., C/rcir/af/on 99:2079-2084, 1999). 
This indicates that iL-6 may be a useful indicator of disease progression. Plasma elevations of IL-6 are associated with 
any nonspecific proinflammatory condition such as trauma, Infection, or otherdiseases that elicit an acute phase response. 
IL-6 has a half-life of 4.2 hours In the bloodstream and Is elevated following AMI and unstable angina (Manten, A. et al., 

so Cardlovasc. Res. 40:389-395, 1998). The plasma concentration of IL-6 is elevated within 8-1 2 hours of AMI onset, and 
can approach 1 00 pg/ml The plasma concentration of IL-6 in patients with unstable angina was elevated at peak levels 
72 hours after onset, possibly due to the severity of Insult (Blasucci, L.M. et al., Circulation 94:874-677, 1996). IL-6 
appears to be a sensitive marker of inflammation associated with ACS. However, It is not specific for ACS, and may be 
elevated in various conditions that are considered risk factors for ACS. IHowever, IL-6 may be useful in identifying the 

55 severity of AMI or unstable angina, allowing physicians to monitor these patients closely for disease progression. Fur- 
themnore, IL-6 may be useful In distinguishing unstable angina and AMI from stable angina. 
[0088] Tumor necrosis factor a (TNFa) is a 1 7 kDa secfBted proinflammatory cytokine that is involved in the acute 
phase response and Is a pathogenic mediator of many diseases. TNFa is normally produced by macrophages and 
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natural killer cells. The normal serum concentration of TNFa Is < 40 pg/ml (2 pM). The plasma concentration of TNFa 
is elevated In patients with AMI, and is marginally elevated In patients with unstable angina (LI, D. et al., Am. Heart J. 
1 37: 1 1 45- 1 1 52, 1 999; Squadrito, F. et al., Inflamm. Res. 45:1 4-1 9, 1 996; Latin), R. et aL, J. Cardiovasc. PhamacoL 23: 
1-6, 1994; Cartstedt, F. et al., J. intern, Med, 242:361-365.1997). Elevations tn the plasma concentration of TNFa are 

5 associated with any proinflammatoiy condition, Including trauma, stroke, and infection. TNFa has a half-life of approx- 
imately 1 hour in the bloodstream, indicating that it may be removed from the circulation soon after symptom onset. In 
patients with AMI, TNFa was elevated 4 hours after the onset of chest pain, and gradually declined to nonnal levels 
within 48 hours of onset (U, D. et al., Am. Heart! 137:1 145-1 152, 1999). The concentration of TNFa in the plasma of 
AMI patients exceeded 300 pgAnI (15 pM) (Squadrito, F. et al., Inflamm. Res. 45:14-19, 1996). 

10 [0089] Soluble intercellular adhesion molecule (slCAM-1), also called CD54, is a 85-110 kDa cell surface-bound 
Immunoglobulin-like integrin llgand that facilitates binding of leukocytes to antigen-presenting cells and endothelial cells 
during leukocyte recruitment and migration siCAM-l Is nomialiy produced by vascular endothelium, hematopoietk: stem 
cells and non-hematopoietic stem cells, which can be found in intestine and epidermis. sICAM-l can be released from 
the cell surface during cell death or as a result of proteolytic activity. The nontai plasma concentration of slCAM-1 is 

15 approximately 250 ng/ml (2.9 nM). The plasma concentration of slCAM-1 is significantly elevated in patients witii AMI 
and unstable angina, but not stable angina (Pellegatta, F. et al., J. Cardiovasc. Pharmacol. 30:455-460, 1997; Miwa, 
K. et aL, Cardiovasc, Res, 36:37-44, 1997; Ghalsas, N.K. et al.. Am. J. Cardiol. 60:617-619, 1997; Ogawa, H. et al., 
Am, J, Cardiol. 83:38-42. 1999). Furthemiore. ICAM-1 is expressed In atherosclerotic lesions and in areas predisposed 
to lesion fomfiation, so it may be released jnto the bloodstream upon plaque rupture (liyama, K. et aL, CIrc. Res. 85: 

20 199-207, 1999; Tenaglia. A.N. et aL. Am. J, Cardiol. 79:742-747, 1997). Elevations of the plasma concentration of 
siCAM-1 are associated with ischemic stroke, hjead trauma, atherosclerosis, cancer, preeclampsia, multiple sclerosis, 
cystic fibrosis, and other nonspecific inflammatory states (Kim, J.S., J. NeuroL ScL 137:69-78, 1996; Laskowitz, D.T. et 
al., J. Stroke Cerebrovasc. DIs. 7:234-241, 1998). The plasma concentrBtion of slCAM-l is elevated during the acute 
stage of AMI and unstable angina. The elevation of plasma slCAM-l reaches its peak within 9-12 hours of AMI onset, 

25 and returns to nonnal levels witiiin 24 hours (Pellegatta, F. et al., J. Cardiovasc. Pharmacol. 30:466-460, 1997). The 
plasma concentration of slCAM can approach 700 ng/ml (8 nM) in patients with AMI (Pellegatta, F. et aL, J, Cardiovasc. 
Pharmacol, 30:455-460, 1997). siCAM-1 is elevated in the plasma of individuals with AMI and unstable angina, but It is 
not specific for these diseases. It may, however, be useful marker In the differentiation of AMI and unstable angina from 
stable angina since plasma elevations are not associated with stable angina. Interestingly, iCAM-1 is present in athero- 

30 sclerotic plaques, and may be released into the bloodstream upon plaque rupture. Thus, sICAM may be useful not only 
as a marker of Inflammation, but also plaque rupture associated with ACS. 

[0090] Vascular cell adhesion molecule (VCAM), also called CD1 06, is a 1 00-1 1 0 kDa cell surface-bound immunoglob- 
uiin-like Integrin ligand that facilitates binding of B lymphocytes and developing T lymphocytes to antigen-presenting 
cells during lymphocyte recruitment VCAM is normally produced by endothelial cells, which line blood and lymph vessels, 

35 the heart, and otiier body cavities. VCAM-1 can be released from the cell surface during cell death or as a result of 
proteolytic activity. The nonnal serum concentration of sVCAM is approximately 650 ng/m) (6.5 nM). The plasma con- 
centration of sVCAM-l Is marginally elevated in patients with AMI, unstable angina, and stable angina (Mulvihill, N. et 
aL, Am. J, Cardiol. 83:1265-7, A9, 1999; Ghaisas, N.K. et aL, Am. J. Cardiol. 80:617-619, 1997). However, sVCAM-1 
is expressed in atherosclerotic lesions and Its plasma concentration may correlate witii tiie extent of athemsclerosis 

40 (liyama, K. et al., Circ. Res. 85:199-207, 1999; Peter, K. et aL, Arterioscter, Thromb. Vase. Biol 17:505-512, 1997). 
Elevations in the plasma concentration of sVCAM-l are associated with ischemic stroke, cancer, diabetes, preeclampsia, 
vascular injury, and other nonspecific inflammatory states (Bitsch, A. et aL, Stroke 29:21 29-21 35, 1 998; Otsuki, M. et 
aL, Diabetes 46:2096-2101, 1997; Banks, R.E. et aL, Br. J. Cancer 68:122-124, 1993; Steiner, M. et al., Thromb. 
Haemost. 72:979-984, 1994; Austgulen, R. et aL, Eur. J, Obstet, Gynecol. Reprod. Biol. 71:53-58, 1997). 

^ [0091 ] Monocyte chemotactic protein- 1 (MCP-1 ) is a 1 0 kDa chemotactic factorthat attracts monocytes and basophils, 
but not neutrophils or eosiniphils. MCP-1 is normally found in equilibrium between a monomerte and homodimeric form, 
and it is nonnaily produced in and secreted by monocytes and vascular endothelial cells (Yoshimura. T. et aL, FEBS 
Lett. 244:487-493, 1989; U, Y.S. etaL, Mol. Cell. Biochem. 126:61-68. 1993). MCP-1 has been implicated in the patho- 
genesis of a variety of diseases tiiat involve monocyte infiltration, including psoriasis, rheumatoid arthritis, and atiiero- 

50 sclerosis. The normal concentration of MCP-1 in plasma is < 0.1 ng/ml. The plasma concentration of MCP-1 is elevated 
In patients with AMI, and may be elevated in the plasma of patients with unstable angina, but no elevations are associated 
with stable angina (Soejima, H. et al., J. Am. Coll, Cardiol. 34:983-988, 1999; Nlshlyama, K. et aL, Jpn. CIrc. J. 62: 
710-712, 1998; Matsumori, A. et aL, J. Mol. Cell. Cardiol. 29:419-423, 1997). interestingly, MCP-1 also maybe involved 
in the recruitment of monocytes into tiie arterial wall during atherosclerosis. Elevations of the serum concentration of 

55 MCP-1 are associated with various conditions associated with Inflammation, including alcoholic liver disease, interstitial 
lung disease, sepsis, and systemic lupus erythematosus (Fisher, N.C. et aL, Giyf 45:41 6-420, 1 999; Suga, M. et al., Eur. 
Respir. J. 1 4:376^82, 1 999; Bossink, A.W. et al., BtoodBB:2S41 -3847, 1 995; Kaneko, H. et al. J. Rheumatol. 26:568-573, 
1999). MCP-1 is released into the bloodstream upon activation of monocytes and endothelial cells. The concentration 
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of MCP-1 in plasma form patients with AMI has been reported to approach 1 ng/ml (1 00 pM), and can remain elevated 
for one month (Soejlma, H. et al., J. Am. ColL Cardiol. 34:983-988, 1999). The kinetics of MCP-1 release into and 
clearance from the bloodstream In the context of ACS are cuaently unknown. MCP* 1 is a specific marker of the presence 
of a pro-Inflammatory condition that involves monocyte migration. MCP-1 is not specific for ACS, but it concentration is 
reportedly elevated in the plasma of patients with AMI. Furthermore, MCP-1 concentrations may not be elevated in the 
plasma of patients with unstable angina or stable angina, which suggests that MCP-1 may be useful In discriminating 
AMI from unstable and stable angina. 

[0092] Caspa8e-3. also calied CPP-32, YAMA, and apopain, Is an Interleukln-I^ converting enzyme (ICE)-llke intra- 
cellular cysteine proteinase that, is activated during cellular apoptosis. Caspase-3 Is present as an Inactive 32 kOa 
precursor that Is proteolytlcaily activated during apoptosis induction into a heterodlmer of 20 kDa and 1 1 kDa subunits 
(Femandes-Alnemri, T. et al., J. BioL Chem. 269:30761 -30764,1 994). Its cellular substrates include poly(ADP-ribose) 
polymerase (PARP) and sterol regulatory element binding proteins (SREBPs) (Liu, X. et al., J. Biol. Chem. 271: 
1 3371 -1 3376, 1 996). The nomial plasma concentration of caspase-3 Is unknown. There are no published investigations 
Into changes in the plasma concentration of caspase-3 associated with ACS. There are increasing amounts of evidence 
supporting the hypothesis of apoptosis induction In cardiac myocytes associated with ischemia and hypoxia (Saraste, 
A., He/z 24:1 89-1 96. 1999; Ohtsuka, T. et aL, Coron. Artery Dis, 10:221-225, 1999; James, T.N., Coron. Artery DIs. 9: 
291-307, 1998; Bialik, S. etai, J. C//n. invest 100:1363-1372, 1997; Long, X. etal., J. Clin, /nvest 99:2635-2643, 1997). 
Elevatlonslnthep!asmacaspase-3concentrBtlon maybe associmedwith any physiological event thatinvo^^ 
There Is evidence that suggests apoptosis Is Induced in skeletal muscle during and following exercise and In cerebral 
Ischemia (Can^ro, U. and Franceschi, C. Aging (Milano) 9:19-34, 1997; MacManus, J.P. et al., J. Cereb. Blood Flow 
Metab, 19:502-510, 1 999). The usefulness of caspase-3 as a marker of can:liac celt death is presently unknown, since 
there have been no published reports finding caspase-3 In the peripheral blood ofpatlents with AMI. interestingly, 
Ischemia-induced apoptosis may have characteristics that distinguish it from other fonns of apoptosis, but the induction 
of caspase-3 is common to all apoptotic pathways. Caspase-3 may not prove to be more useful than other cytosolte 
maricers of cardiac cell death, since all of these martcers are released following a loss of plasma membrane Integrity. 
Evidence also suggests that cells undergoing apoptosis do not lose membrane integrity, a characteristic of necrosis, 
but rather, they fbmi apoptotic bodies with Intact membranes that are ultimateiy ingested by macrophages and other 
adjacent cells (Saraste, A., Herz 24:1 89-1 95, 1 999; James, T.N., Coron. Artery Dls. 9:291 -307, 1 998). In this regard, 
the release of Intracellular contents may be a result of necrosis, and caspase-S may not be a suitable marker for the 
identification of cardiac cell death, particulariy as a result of apoptosis. 

[0093] Hemoglobin (Hb) is an oxygen-carrying Iron-containing globular protein found in erythrocytes. It Is a heterodlmer 
of two globin subunits. ^ reterred to as fetal Hb. ocg^ is called adult HbA, and is called adult HbA2. 90-95% 
of hemoglobin Is HbA, and the Og globin chain is found in all Hb types, even sickle cell hemoglobin. Hb Is responsible 
for carrying oxygen to cells throughout the body. Hba2 is not nomrially detected In serum. The usefulness of Hbog on a 
ACS panel would be to detenmlne the extent of hemolysis and the resulting contribution of erythrocyte-ongtnated proteins 
to the measured serum concentration. An accepted level of hemolysis would have to be established for the measurement 
of serum maricers that are present In erythrocytes. 

[0094] Human lipocalln-type prostaglandin D synthase (hPDGS), also called p-trace, is a 30 kDa glycoprotein that 
catalyzes the formation of prostaglandin D2 from prostaglandin H. The upper limit of hPDGS concentrations in apparently 
healthy Individuals Is reported to be approximately 420 ng/ml (Patent No, EP0999447A1). Elevations of hPDGS have 
been Identified In blood from patients with unstable angina and cerebral infarction (Patent No. EP0999447A1). Further- 
more, h PDGS appears to be a useful maricer of ischem to episodes, and concentrations of h PDGS were found to decrease 
overtime In a patient with angina pectoris following percutaneous transluminal coronary angioplasty (PTCA), suggesting 
that the hPGDS concentration decreases as Ischemia is resolved (Patent No. EP0999447A1 ). 
[0095] In a prefen^ed embodiment, one or more specific mari<er of myocardial injury is combined with one or more 
non-speciftc marker of myocardial injury to create a diagnostic panel for ACS. In addition, the present invention provides 
methods for detennlning the components of such a plurality of maricers. Once such a panel is assembled, the presence 
or level of each of the various maricers is determined In one or more patient samples, and optionally compared to the 
diagnostic levels or normal levels of each maricer. 

Assay Measurement Strategies 

[0096] Numerous methods and devices are well known to the skilled artisan for the detection and analysis of the 
maricers of the instant invention. With regard to polypeptides or proteins in patient test samples, immunoassay devices 
and methods are often used. See, e.g., U.S. Patents 6,143,576; 6, 11 3,855; 6,019,944; 5,985,579; 5,947,124; 5,939,272; 
5,922,615; 5,885,527; 6,851.776; 5,824,799; 5,679,526; 5,525,524; and5,480,792, each of whtoh is hereby incorporated 
by reference in its entirety, Including all tables, figures and claims. These devtees and methods can utilize labeled 
molecules in various sandwich, competitive, or non-competitive assay formats, to generate a signal that is related to the 
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presence or amount of an analyte of interest. Additionally, certain methods and devices, such as biosensors and optical 
immunoassays, may be employed to detennine the presence or amount of analytes without the need for a labeled 
molecule. See, e.g., U.S. Patents 5,631,171; and 5,955,377, each of which Is hereby incorporated by reference in Its 
entirety, including all tables, figures and claims. 

5 [0097] Preferably the markers are analyzed using an immunoassay, although other methods are well known to those 
skilled In the art (for example, the measurement of marker RNA ieveis). The presence or amount of a marker Is generally 
detennined using antibodies specifk: for each marker and detecting specific binding. Any suitable immunoassay may 
be utilized, for example, enzyme-linked Immunoassays (ELtSA), radioimmunoassays (RlAs), competitive binding assays, 
and the like. Spedfic immunological binding of the antibody to the marker can be detected directly or Indirectly. Direct 

10 labels Include fluorescent or luminescent tags, metals, dyes, radionuclides, and the like, attached to the antibody. Indirect 
labels include various enzymes well known In the art, such as alkaline phosphatase, horseradish peroxidase and the like. 
[0098] The use of immobilized antibodies specific for the markers is also contemplated by the present invention. The 
antibodies could be immobilized onto a variety of solid supports, such as magnetb or chromatographic matrix particles, 
the surface of an assay place (such as mterotlter wells), pieces of a solid substrate material (such as plastic, nylon. 

15 paper), and the like. An assay strip could be prepared by coating the antibody or a plurality of antibodies in an an^y on 
solid support This strip could then be dipped into the test sample and then processed quickly through washes and 
detection steps to generate a measurable signal, such as a colored spot. . 

[0099] The analysis of a plurality of markers may be carried out separately or simultaneously with one test sample. 
Several markers may be combined Into one test for efficient processing of a multiple of samples. In addition, one skilled 

20 In the art would recognize the value of testing multiple samples (for example, at successive time points) from the same 
individual. Such testing of serial samples will allow the identifteatlon of changes in marker levels over time, increases 
or decreases In marker levels, as well as the absence of change In marker levels, would provide useful infomnation about 
the disease status that Includes, but is not limited to idetttifying the approximate time from onset of the event, the presence 
and amount of salvagable tissue, the appropriateness of drug therapies, the effectiveness of varioustiieraples as indicated 

25 by reperfusion or resolution of symptoms, differentiation of the various types of ACS, identification of the severity of the 
event, Identification of ti^e disease severity, and Identification of the patienfs outcome, including risk of future events. 
[0100] A panel consisting of the markers referenced above may be constructed to provide relevant Infonnation related 
to the diagnosis or prognosis of ACS and management of patients with ACS. Such a panel may be constucted using 1 , 
2, 3, 4, 5, 6, 7. 8, 9, 10, 15 or 20 individual markers. The analysis of a single marker or subsets of markers comprising 

30 a larger panel of markers could be carried out by one skilled in the art to optimize clinical sensitivity or specificity in 
various clinical settings. These include, but are not limited to ambulatory, urgent care, critical care, intensive care, 
monitoring unit, inpatient, outpatient, physician office, medteat dlnlc, and health screening settings. Furthennore, one 
skilled in the art can use a single marker or a subset of mari<ers comprising a larger panel of markers In combination 
with an adjustment of the diagnostic tiireshold in each of the aforementioned settings to optimize clinical sensitivity and 

35 specificity. The clinical sensitivity of an assay is defined as the percentage of tiiose with the disease ttiat the assay 
correctly predicts, and the specificity of an assay Is defined as tiie percentage of those without the disease that the assay 
correctiy predtets (Tietz Textbook of Clinical Chemistry, 2"*' edition, Carl Burtis and Edward Ashwood eds., W.B. Saunders 
and Company, p. 496). 

[0101] The analysis of markers could be carried out In a variety of physical formats as well. For example, the use of 
^ microtiter plates or automation could be used to facilitate the processing of large numbers of test samples. Altematively, 
single sample formats could be developed to facintate immediate treatment and diagnosis in atimely fashion, for example, 
In ambulatory transport or emergency room settings. 

[0102] In anotiier embodiment, the present invention provides a kit for the analysis of markers. Such a kit preferably 
comprises devises and reagents for the analysis of at least one test sample and instructions for perfomning tiie assay. 
^ Optionally the kits niay contain one or more means for converting a maricer level to a diagnosis or prognosis of the patient 

Examples 

Example 1. Blood Sampling 

so 

[0103] Blood specimens were collected by trained study personnel. Samples were collected and processed as de- 
scribed previously. See, de Lemos et at, The prognostic value of B-type natriureHc peptide In patients with acute 
coronary syndromes, N Engl J Med 345:1014-21 (2001). Plasma samples were collected In citrate anticoagulant and 
frozen at the study site at -20° C or colder within 60 minutes of collection. The specimens were shipped on dry ice to 
55 the TM\ Cardiac Maricer Core Laboratory at Children's Hospital (Boston, MA) where they were stored at -70** C. Following 
completion of the OPUS-TIM1 16 trial, all plasma specimens from the 50/50 treatment ami were shipped on dry ice to 
BtOSITEp Inc. (San Diego, CA), where assays were performed. 
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Example 2. Blochemtoai Analyses 

[0104] Maticers were measured using standard immunoassay techniques. These techniques invoh^ed the use of an- 
tibodies to speclficaity bind the protein targets. A monoclonai antibody directed against a selected marker was biotinylated 

5 using N-hydroxysuccinlmide biotin (NHS-biotin) at a ratio of about 5 NHS-biotIn moieties per antibody. The antibody- 
biotln conjugate was then added to wells of a standard avidin 384 well microtiter plate, and antibody conjugate not bound 
to the plate was removed. This fomaed the "anti-marker* In the microtiter plate. Another monoclonal antibody directed 
against the same marker was conjugated to alkaline phosphatase using succtnlmidyl 4-{yv-maletmidomethyl]-cyclohex- 
ane-1-carboxylate (SMCC) and W-suocinimidyl 3.[2i)yrldyldithio]prDpionate (SPDP) (Pierce, Rockford, IL). 

10 [0105] Immunoassays were perfonned on a TECAN Genesis RSP 200/8 Workstation. Biotinylated antibodies were 
pipetted Into microtiter plate wells previously coated with avidin and Incubated for 60 mln. The solution containing unbound 
antibody was removed, and the ceils were washed with a wash buffer, consisting of 20 mM borate (pH 7.42) containing 
1 50 mM NaCI, 0. 1 % sodium azide, and 0.02% Tween-20. The plasma samples (1 0 ^.L) were pipeted into the microtiter 
plate wells, and Incubated for 60 mln. The sample was then removed and the wells were washed with a wash buffer. 

15 The antibody- alkaline phosphatase conjugate was then added to the wells and Incubated for an additional 60 mln, after 
which time, the antibody conjugate was removed and the wells were washed with a wash buffer, A substrate, (AttoPhos®, 
Promega. Madison, Wl) was added to the wells, and the rate of fomnation of the fluorescent product was related to the 
concentration of the marker In the patient samples. 

[0106] Assays for BNP were performed using murine antl-BNP monoclonal antibody 106.3 obtained from Sclos Iri- 
20 corporated (Sunnyvale, CA). The hybridoma cell line secreting mAb 1 06.3 was generated from a fusion betweeh FOX- 
NY cells and spleen cells from a Balb/c mouse immunized with human BNP 1-32 conjugated to BSA. A second murine 
an1}-BNP antibody was produced by Bioslte Incorporated (San Diego, CA) by antibody phage display as described 
previously (US Patent No. 6,057,098), using human BNP antigen (Scios Incorporated, Sunnyvale, CA; US Patent No. 
5 J 1 4,923) conjugated to KLH by standard techniques. Human BNP antigen was also used for assay standardization. 
25 [0107] Assays for MMP-9 were performed using murine anti-MMP-9 antibodies generated by Bioslte Incorporated 
using phage display and recombinant protein expression as described previously (US Patent No. 6,057,098). Commer- 
cially available MMP-9 antigen was used for assay standardization (Calblochem-Novablochem Corporation, San Diego. 
CA). The Immunogen used for antibody production was prepared by Blosite Incorporated. PCR primers were made 
conesponding to sequence at the 5'-end of human MMP-9 and the coding sequence at the 3'-end of human MMP-9 
30 (Genbank accession number J05070). Six histidine codons inserted between the end of the coding sequence and the 
stop codon to assist in purification of the recombinant protein by metai-chelate affinity chromatography. The 5'-end MMP- 

9 primer, designated primer A, consisted of the nucleotide sequence as follows: 

5' - AGGTGTCGTAAGCTTGAATTCAGACACCTCTGCCGCCACCATGAG - 3' (SEQ ID N0:1). The 5' primer also con- 
tains 21 base pairs of pEAK12 vector sequence (Edge BioSystems, Galthersburg. MD) at its 5'-end conesponding to 
35 the EcoRf site and sequence Immediately upstream. The 3'-end MMP-9 primer, designated primer B, consisted of tiie 
nucleotide sequence as follows: 

5' - GGCTGGCTTACCTGCGGCCTTAGTGATGGTGATGGTGATGGTCCTCAGG GCACTGCAGGATG - 3' (SEQ ID 
N0:2). The 3' primer contains an additional 20 base-pairs of vector sequence, including 6 bases of the NotI site and the 
sequence Immediately downstream, at Its 5* end. The vector sequence at the 5'- ends of these primers will fomn, upon 

40 treatment with T4 DNA polymerase, single-stranded overhangs that are specific and complementary to those on the 
pEAKl2 vector. The PCR amplification of the MMP-9 gene insert was done on a 2x 100 p.! reaction scale containing 
100 pmol of 5' primer (A), 100 pmol of 3' primer (B), 2.5 units of Expand polymerase, 10 m.1 2 mM dNTPs, 10 ftHOx 
Expand reaction buffer, 1 y^ of Clontech Quick-clone human spleen cDNA (Clontech Laboratories, Palo Alto, CA) as 
template, and water to 100 m,I. The reaction was carried out In a Pericin-Elmerthemnal cycler as described in Example 

45 18 (U.S. Patent 6,057,098). The PCR products were precipitated and fractionated by agarose gel electrophoresis and 
full-length products excised from the gel, purifted, and resuspended In water (Example 1 7, U.S. Patent 6,057,098). The 
pEAK12 vector was prepared to recede insert by digestion with NotI and EcoRI (New England BioLabs, Beverty, MA). 
The insert and EcoRl/NotI digested pEAKI 2 vector were prepared for T4 exonuciease digestion by adding 1 .0|jil of 1 0x 
Buffer A to 1 .0|jig of DNA and bringing the final volume to 9^-1 with water. The samples were digested for 4 minutes at 

so 30°C with 1 jjlI (1 U/fjul) of T4 DNA polymerase. The T4 DNA polymerase was heat Inactivated by incubation at 70**C for 

1 0 minutes. The samples were cooled, briefly centrifuged, and 46 ng of the digested insert added to 1 00 ng of digested 
pEAK12 vector In a fresh mlcrofuge tube. After the addition of 1 .0 ^,1 of lOx annealing buffer, the volume was brought 
to 10 p,l with water. The mixture was heated to 70*C for 2 minutes and cooled over 20 minutes to room temperature, 
allowing the insert and vectorto anneal. The annealed DNA was diluted one to four with distilled water and electroporated 

55 (Example 8, U.S. Patent 6,057,098) Into 30y^ of electrocompetent E. co// strain, DH1 OB (invitrogen, Carlsbad, CA). The 
transfomied cells were diluted to 1 .Omi with 2xYT broth and 1 0 (ti, 1 00 |il, 300 ^\ plated on LB agar plates supplemented 
with ampiclllin {7S^g/m\) and grown ovemight at 37**C. Colonies were piclad and grown overnight in 2xYT (75pg/ml 
ampicillln at 37*'C. The following day glycerol freezer stocks were made for long term storage at -SO^C. The sequence 
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of these clones (M M P9peak1 2) was verified at MacConnel! Research (San Diego, CA) by the dideoxy chain termination 
method using a Sequathemi sequencing kit {Epicenter Technologies, Madison, Wl), oligonucleotide primers C, 5' - 
TTCTCAAGCCTCAGACAGTG - 3* (SEQ ID N0:3), and D, 5* - CCTGGATGCAGGCTACTCTAG - 3' (SEQ ID N0:4), 
that bind on the 5' and 3' side of the insert in the pEAKI 2 vector, respectivety, and a LI-COR 4000L automated sequencer 

5 (LI-COR, Lincoln, NE). Plasmid suitable fortransfection and the subsequent expression and purification of human MMP- 
9wa8 prepared from clone MMP9peak12.2 using an EndoFree Plasmid Mega Kit as per manufacturer's recommendations 
(QIagen. Valencia, CA). HEK 293 ('Peak") cells were expanded into a T-75 flask from a 1ml frozen vial stock (5x1 0^ 
cells/ml) in IS 293 medium (Irvine Scientific, Santa Ana, CA) with 5% fetal bovine serum (FBS) (JRH Biosciences, 
Lenexa, KS), 20 unlts/lnl Heparin. 0.1% Pluronic F-68 (JRH Biosciences, Lenexa, KS), and 60 jjig/ml GentamlcIn (Sigma, 

10 St. Louis, MO). After Incubating at 37^C, 85% humidity, and 5% CO2 for 2-3 days, the ceils were expanded Into a T-1 75 
flask while reducing the FBS to 2% in the medium. The cells were then continuously expanded 1:2 over a period of 2-3 
weel(B, establishing a consistent mono-layer of attached cells. Peak cells grown with the above method were centrifuged 
at 1000 rpm for 6 minutes, and the supernatant was discarded. After counting the cells to establish the density and 
checking for at least 90% viability with a standard dye test the cells were resuspended at 5x1 0^ cells/ml In 400ml IS 

15 293 with 2% FBS and 50 \i,g/m\ GentamlcIn and added to a 1 L spinner flask. Then, to a conical tube 5ml IS 293 and 
320|ig MMP-9 DNA were added per 400ml spinner flask. This was mixed and incubated at room temperature for 2 
minutes. 400|il X-tremeGENE RO-1539 transfeclion reagent (Roche Diagnostics, Indianapolis, IN) per spinner was 
added to the tube that was then nribced and Incubated at room temperature for 20 minutes. The mixture was added to 
the spinner flask, and Incubated at 85% humidity, and 5% COg for 4 days at 100 rpm. The cell broth from the 

20 above spinner flask was spun down at 3500 rpm for 20 minutes, and the supernatant was saved for purification of the 
MMP-9. A column containing 20ml Chelating Fast Flow resin (Amersham Phamiacia Biotech, Plscataway, NJ) charged 
with NiClg was equilibrated with BBS. Then the supernatant from the spinner flask was loaded on the column, washed 
with BBS + 1 0mM imidazole, and etuted with 200mM imidazole. The elution was used for the load of the next purification 
step after adding CaClg to 10mM. A column with 5ml gelatin sepharose 4B resjn (Amersham Phannacia Biotech, Pis- 

25 cataway, NJ) was equilibrated with BBS + lOmM CaClg. After loading the antigisn, the column was washed with equili- 
bration buffer, and the MM P-9 was eluted using equilibration buffer + 2% dimethyl sulfoxide (DMSO). Polyoxyethyleneg- 
lycol dodecyl ether (BRIJ-35) (0.005%) and EDTA (1 OmM) were added to the elutlbn, which was then dialyzed into the 
final buffer {50mM Tris, 400mM NaCI. 10mM CaCI^. 0.01% NaNa, pH 7.5, 0.005% BRIJ-35, lOmM EDTA). Rnally, the 
protein was concentrated to approximately 0.25 mg/ml for storage at 4*^0. Zymogram gels were used to check for 

30 production and purification of MMP-9. Western blots were also used to checkfor activity of the protein. MMP-9 (Oncogene 
Research Products, Cambridge. MA) was used for comparison of the purified antigen made using the PEAK celt system 
to known standards. 

[0108] Assays for MMP-9 were performed using murine antl-MMP-9 antibodies generated at Blosite incorporated, 
using phage display and recombinant protein expression techniques. Commercially available MMP-9 antigen was used 
35 for assay standardization (Calblochem-Novablochem Corporation, San Diego, CA). The concentration of MMP-9 was 
quantified by detecting the binding of alkaline phosphatase-conjugated antibody. The minimal detectable concentration 
for the assay was 0.3 ngAnL and the upper end of the reportable range was 2000 ng/mL. 

[01 09] Assays for Thrombus precursor Protein (T pP™) were pert'omned using reagents obtained from American Bio- 
genetic Sciences, Inc., Columbia, MD. Two murine monoclonal antibodies that recognize different epitopes on the soluble 
^ fibrin polymer were employed for the assay. The assay was calibrated using TpP^" supplied by American Blogerietic 
Sciences. Samples were diluted 1 :4 prior to assay, the minimal detectable concentration was 0.25 (tg/ml and the upper 
end of the reportable range was 25 fig/hil. Thus, samples between 1 itg/hil and 1 00 p^g/ml would assay In the reportable 
range. 

[0110] Assays for Monocyte Chemotactlc protein-1 (MCP-1) were perfomned using antibodies developed at Blosite. 
<5 The assays were developed in an immunometric (sandwich) format. The assays were calibrated with an in-house MCP- 
1 reference preparation. The minimal detectable concentration of the assay was 20 pg/ml and the upper end of the 
reportable range was 1 0,000 pg/ml. 

[Oil 1] Assaysforvarious fomns of troponin I fTIC complex andtotalTnl) were perfonned using a commercially available 
goat antl-Tnl for capture and antibodies developed at Blosite as the enzyme-labeled conjugates. The assays were 

so calibrated with in-house TIC complex and Tnl reference solutions. The minimal detectable concentration forTnl was 40 
pg/ml and was 50 pg/ml for the TIC complex. The upper end of the reportable range was 1 0,000 pg/ml for both assays. 
[0112] /Vssays for fatty acid binding protein (FABP) were pertomned using commercially available monoclonal anti- 
bodies and a commercially available FABP antigen. The minimal detectable concentration was 6 ng/ml and the upper 
end of the reportable range was 1 0,000 ng/ml. 

55 [01 13] C-reactive protein (CRP) and fibrinogen were measured using commercially available assays (Dade Behring 
Inc. Newaric, DE). 
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Example 3. Exemplary Marker Panels 

[0114] A marker panel can be constructed that contains markers of the various pathological events that result in 
myocardial damage. Such a panel would include markers of inflammation, atherosclerotk: plaque rupture, platelet actl- 

5 vation, thrombosis, and myocardial damage or necrosis. Suitable markers that may appear on this panel are IL-6, 
malondialdehyde-modifled low-density lipoprotein (MDA-modified LDL), P-selectin, thrombin-antlthrombin III (TAT) com- 
plex, BNP, free cardiac troponin I, total cardiac troponin I, cardiac troponin I in complexes with troponin T and/or C, free 
cardiac troponin T, total cardiac troponin T, cardiac troponin T in complexes with troponin t and/or C, C-reactive protein, 
and/or MMP-9. The marker panel will be evaluated in conjunction with the clinical signs and symptoms of the patient. 

^0 Typically, patients with ACS have a predominant symptom of chest pain. 



Marker(s) Positive 


Interpretation 


IL-6 


Presence of an inflammatory response. 

Not specific for ACS, but may be indicative of an early event 


MDA-modified LDL 


Indication of plaque rupture. 

May be indicative of an ongoing event, and that plaque rupture may be causing chest pain. 


P-selectin 


Indication of platelet activation. 

A platelet plug is fomning or has fomned. The platelet plug and the resulting occlusion may be 
causing chest pain. 


TAT complex 


Indication of coagulation activation. 

A clot is fonnlng or has fonned, and the resulting occlusion may be causing chest pain. 


BNP 


Indication of ventricular dysfunction. 

May be related to damage produced by cardiac Ischemia. 


Total cTnl 


Indication of myocardial damage. 

Elevations are indicative of myocardiai necrosis, and are produced by cardiac ischemia. 


Total cTnTIC 


Indication of myocardial damage. 

Elevations are indteative of myocardial necrosis, and are produced by cardiac ischemia. A high 
ratio of cTnTIC to total cTnl may be Indicative of an ongoing event or continual Ischemia. 



[01 1 5] Elevations and changes over time of more than one marlcar on the panel may be Indicative of the progression 
315 of ACS. For example, elevations of IL-6, M D-modif led LDL, P-selectln, and TAT complex may indicate that atherosclerotic 
plaque rupture has occun^ed, and that the rupture has caused platelet aggregation and coagulation activation, resulting 
in a narrowing of the blood vessel. Furthemnore, elevations of P-selectin and TAt complex may indicate that conditions 
are favorable for clot fonnation. Subsequent decreases in marker concentrations over time would indicate that the 
pathological process has been slowed or halted. For example, decreases in the TAT complex concentration over time 
40 would indicate that the coagulation process has been slowed or halted. In this regard, decreases in the MDA-modified 
LDL concentration overtime would suggest that plaque rupture is not continuing. 

[0116] Other markers may be substituted for or added to the markers listed In the example above. Altemative or 
additional markers of hfiyocardial injury include annexin V, BNP and/or BNP-related peptides, p-enolase, creatine klnase- 
MB, glycogen phosphoryiase-BB, heart-type fatty acid binding protein, phosphoglyceric acid mutase-MB, and S-1 OOao. 
45 [Oil 7] Alternative or additional markers of coagulation activation include plasmln-a-2-antiplasmln complexiflbrlnopep- 
tlde A, prothrombin fragment l+Z, D-dlmer, one or more forms of von Wiitebrand factor, tissue factor, and thrombus 
precursor protein (TpP). 

[01 1 8] Alternative or additional markers of platelet activation include ^hromboglobulin, platelet factor 4 and platelet- 
derived growth factor. 

50 [0119] Alternative or additional markers of atherosclerotic plaque rupture Include human neutrophil elastase. Inducible 
nitrte oxide synthase, lysophosphatidic acid, matrix metalloprotelnas6-1 , matrix metalloprotelna8e-2, matrix metallopro- 
teInase-3, and matrix metalloproteinase-9 (MMP-9). 

[0120] Alternative or additional markers of Inflammation or the acute phase response Include C-reactlve protein, 
Interleukln-ip, Interleukln-1 receptor antagonist, tumor necrosis factor a, soluble intercellular adhesion molecule-1, ' 
55 soluble vascular cell adhesion molecule-1 , and monocyte chemotactic protein-1 . 

[0121] In addition, other markers can be added to the panel to enhance the diagnostic power of the panel. 
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Example 4: MMP-9, total cTnl, cTnTIC, BNP, CRP, FABP, TpP, and MCP-1 as Prognostic Marlcers In ACS 
Study Population 

s [0122] The Oral Glycoprotein llb/llla Inhibition with Orbofiban in Patients with Unstable Coronary Syndronnes (OPUS- 
TIM! 16) Trial was a randomized multicenter trial comparing an oral glycoprotein llb/llla inhibitor, orbofiban, with placebo 
in 10,288 patients with ACS. See, Cannon at al., Oral glycoprotein llb/llla inhibition with orbofiban in patients with 
unstable coronary syndromes (OPUS-TIM1 16) trial. Circulation 1 02:149-56 (2000). Patients were eligible for enrollment 
if they presented within 72 hours of the onset of ischemic symptoms and met one of the following criteria: age > 65 with 

10 diabetes or vascular disease; prior coronary artery disease; dynamic ECG changes; or elevated cardiac markers. The 
study was approved by the Institutional Review Board of each hospital and all patients provided written Infonned consent. 
Patients were randomized to one of the following three treatment arms: orbofibar^ 50 mg twice daily (60/50 group), 
oHsofiban 50 mg twice daily for one month, followed by orbofiban 30 mg twice daily (50/30 group), or placebo. The OPUS- 
TIM! 16 study was terminated prematurely because increased mortality was observed in the 50/30 group. No Increase 

15 in mortality was observed In the 50/50 group. The present study was conducted in patients who were assigned to' the 
60/60 group and provided a baseline plasma specimen suitable for analysis of MMP-9, total cTnl, cTnTIC, BNP, CRP, 
FABP, TpP, and MCP-1. 

[01 23] The median time from the onset of symptoms to enrollment in OPUS-TIM1 1 6 was 40 hours. 
20 MMP-9 assay 

[0124] Assays for MMP-9 were performed using murine anti-MMP-9 antibodies generated at Bloslte Incorporated, 
using phage display and recombinant protein expression techniques. Commercially available MMP-9 antigen was used 
for assay standardization (Catblochem-Novabiochem Corporation, San Diego, CA). Assays were perfomned in 384-well 
25 microtlter plates on a robotic high-throughput platfomi (TECAN Genesis RSP 200/8). The concentration of MMP-9 was 
quantified by detecting the binding oif alkaline phosphatase-conjugated antibody. All samples were run In duplicate. The 
minimal detectable concentration forthe assay was 3.0 ng^Landthe upper end of the reportable range was 2000 ng/hfiL 

Clinical Endpoints 

30 

[0125] Ail-cause mortality, nonfatal Ml, and congestive heart failure were evaluated at 30 days and through the end 
of the 1 0-month follow-up period. Ml was defined using previously reported criteria and adjudicated by a Clinical Events 
Committee. See, Antman et al., Enoxaparin prevents death and cardiac Ischemic events in unstable anginal non-Q- 
wave myocardial infarction: Results of the thrombolysis In myocardial infarction (TIMI) 1 1B trial. Circulation 1 00: 1 593-601 
35 (1 999). The endpoint of new or worsening CMP or cardiogenic shock was collected from the case record forms and was 
not adjudicated. 

Statls^cal Analyses 

^ [0126] Subjects were divided into quartiles based on their marker concentration at the time of enrollment into the trial. 
Means and proportions for baseline variables were compared across quartiles using ANOVA for continuous variables 
and trend tests for categorical variables. The direct con'elation between markers and other continuous baseline 
variables was assessed using Pearson's product moment correlation coefficient. The marker concentration was com- 
pared between patients who met a study endpoint and those who did not using the Wllcoxon Bank Sum Test. Cumulative 

^ hazard functions were used to estimate the frequency of adverse events at the end of the 1 0-month follow-up period. 
The log-rank test was used to compare outcomes across quartiles. 

[0127] Analyses were perfonned in prespecified subgroups defined by age, gender, presence of diabetes, and Index 
diagnosis. For all-cause mortality through the end of follow-up (10 months), a Cox proportional hazards model was 
constructed using forward stepwise selection. Clinical variables were entered Into the model if they had a univariate p 
so value < 0. 1, and If data were available In > 75% of patients; variables were removed if they had a multivariate p value 
> 0.1 . Baseline concentrations of total cTnl, BNP, and MMP-9 were tiien added Into the completed model. Only patients 
with complete data for all variables were included in these multivariate analyses (n=2b68). The model was subsequently 
repeated In the subset of patients who had undergone measurement of C-reactive protein (ns736). 

55 Association of MMP-9 With Baseline Clinical Variables 

[01 28] Higher baseline levels of MMP-9 were associated with female gender, nonwhtte race and cun^ent tobacco use, 
but not with older age, diabetes, or prior evidence of hypercholesterolemia, coronary disease or congestive heart failure. 
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Higher MMP-9 levels were associated wrth faster heart rate, Killlp Class > I. and elevated levels of troponin I and C- 
reactive protein, (table 1) In contrast, MMP-9 was not associated with body mass index, renal function, electrocandlo- 
graphic changes, elevated BNP, LVEF, or the extent of coronary artery disease measured at coronary angiography. 
There was no association between the concentration of MMP-9 and the time from symptom onset to enrollment in the 
trial. TTie conflations between the concentrations of MMP-9 and CRP (R=0.16; p<0.001), cTnl (R=0.07; p=0.001), and 
peak recorded CKMB (R=0.05; p=0.04) were only modest. There was no association between the concentration of MMP- 
9 and BNP (RsO.OOS; p=0.82) or fibrinogen (R=-0.05; p=:0.1 2). 



Table 1 . Baseline Clinical Characteristics According to Quartties of MMP-9 (ng/mL) 
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Quartile 1 


Quartile 2 


Quartile 3 


Quartile 4 


p trend 


pQ4vsQ1 




Range, n^mL 


3.0-24.3 


24.4-43.1 


43.2-85.2 


85.3-2000 








n 


580 


673 


581 


577 
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61 ± 12 


0.48 
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Male 


441 (76%) 


404 (71%) 


418(72%) 


397 (69%) 


0.02 


0.006 


SO 


White 


558(96%) 


537 (94%) 


557 (96%) 


519 (90%) 


<0.001 


<0.001 


nasi ivieaicai nisiory 
















nypenension 










n AO 






Congestive Heart 


22 (4%) 


34(6%) 


31 (5%) 


32(6%) 


0.26 


0.16 




Failure 














25 


Coronary artery disease 


280 (48%) 


305 (53%) 


291 (51%) 


276 (48%) 


0.64 


0.88 




Peripheral vascular 
disease 


32 (6%) 


41 (7%) 


49 (8%) 


34(6%) 


0.60 


0.78 




Cerebrovascular 


10(2%) 


20(3%) 


22(4%) 


16(3%) 


0.27 


0.23 


30 


disease 














Diabetes 


127(22%) 


111 (19%) 


125(22%) 


133 (23%) 


0.46 


0.63 




Hypercholesterolemia 


156 (27%) 


1 62 (28%) 


180 (31%) 


4 en /AAA/ \ 

152 (26%) 


0.89 


0.83 




Smoking status: 














35 


Current smoker 


182(31%) 


201 (35%) 


210 (36%) 


241 (42%) 


<0.001 


<0.001 




Never smoker 


216(37%) 


181 (32%) 


173(30%) 


164 (29%) 


0.005 


0.005 




Past smoker 


180(31%) 


191 (33%) 


197 (34%) 


170(30%) 


0.64 


0.56 


40 


Index Diagnosis: 
















ST elevation Ml 


183(32%) 


165(29%) 


184(32%) 


218(38%) 


0.02 


0.03 




Non ST elevation Ml 


127(22%) 


119(21%) 


146(25%) 


127 (22%) 


0.56 


0.96 


4S 


Unstable angina 


270 (46%) 


288 (50%) 


252(43%) 


232 (40%) 


0.005 


0.03 


Physical findings 
















BMI kg/m2 


28± 16 


28 ±5 


29± 13 


28 ±5 


0.84 


0.87 




Systolic BP (mm Hg) 


130 ± 21 


129 ± 21 


127 ±21 


129 ± 21 


0.27 


0.73 




HR (BPM) 


72+14 


71+13 


73 + 14 


75 + 15 


<0.001 


<0.001 


SO 


Killlp Class ll-IV 


34(6%) 


42(7%) 


66(12%) 


64(11%) 


<0.001 


0,001 
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Diagnostic Testing 

Creatinine clearance ^ 
5 90 

CK-MB > ULN 
cTnl>1.5 ng/ml 
BNP > 80 pg/hil 
CRP > 1 .6 ng/ml 
STdevlatlon>1mm 



223 (40%) 


203 (37%) 


214 (38%) 


221 (40%) 


0.83 


0.92 


279 (72%) 


264 (73%) 


305 (76%) 


311 (76%) 


0.15 


0.23 


144 (25%) 


137 (24%) 


159(28%) 


187(33%) 


0.002 


0.006 


278 (49%) 


274 (48%) 


313 (65%) 


290 (51%) 


0.18 


0.48 


55 (38%) 


74 (34%) 


102 (43%) 


128 (56%) 


<0.001 


0.002 


288 (50%) 


262 (46%) 


264 (45%) 


267 (46%) 


0.26 


0.25 



Extent of CAD (50% stenosis) 



0 vessel 


17(7%) 


18 (6%) 


22 (7%) 


26 (8%) 


0.42 


0.49 


1 vessel 


77 (30%) 


100 (34%) 


113(35%) 


110(34%) 


0.29 


0.26 


2 vessel 


70 (27%) 


90 (31%) 


89 (28%) 


85 (27%) 


0.60 


0.85 


3 vessel 


92 (36%) 


83 (29%) 


98 (30%) 


98 (31%) 


0.31 


0.19 


Positive Exercise Test 


77 (36%) 


62 (36%) 


74(41%) 


69 (38%) 


0.44 


0.63 


Ejection Fraction (%) 


55+12 


55+13 


63 + 13 


53 + 14 


0.09 


0.07 



Assodatlon of MMP'9 With Clinical Outcomes 

[01 29] The concentration of MMP-9 was significantly higher among patients who died by 30 days (p=0.002) or by 1 0 
25 months (p<0.0001) vs. those who were alive at either time point. Similarly, MMP-9 concentrations were higher among 
patients with nonfatal Ml and those with CHF than those free of these endpoints. (p<0.01 for each endpoint at both 30 
days and 10 months. 

Table 2. Association between baseftne MMP-9 concentration (ng/mL) and outcomes 
^ Outcome n Median [25.75] p value 

30 days 

Dead 34 65(39,151] 0.002 

^ Alive 2277 43 [24,85] 

Nonfatal Ml 61 65 [37.110] 0.006 

No Mi 2250 43 [24,85] 

40 

CHF 46 65 [35,147] 0.008 

No CHF 2265 43 [24,85] 

Death, Ml, or CHF 116 65 [36,146] <0.001 
No Death Ml, or CHF 2195 42 [24,84] 



10 months 

so Dead 78 64 [39.142] <0.001 

Alive 2233 43 [24,85] 

Nonfatal Ml 112 57 [33,109] 0.002 



No Ml 2199 43 [24,84] 

CHF 67 ' 64(37,142] 

No CHF 2244 43 [24,85] 



® CHF 67 64(37,142] 0.002. 



30 



EP1 666 881 A2 

Table continued 



10 months- 

5 Death, Ml, or CHF 205 64 [35,1 18] <0.001 

No Death Ml. or CHF 2106 42[24,83] 



Unadjusted mortality Increased with each successive quartlle of MMP-9 concentration (p<0.001). Similar associations 
were obsen^ed between MMP-9 and the composite of death and nonfatal Ml (p<0.001) and between MMP-9 and con- 
gestive heart failure (p<0.001). A direcdonally consistent association was observed between MMP-9 and mortality In 
subgroups of patients defined by time from symptom onset to treatment, index diagnosis, gender, diabetes, and age. 



Table 3. Subgroup analyses for 10-month mortality 



Group n 


Quartlle 1 


Quartlle 2 


Quartiie 3 


Quartlle 4 


p trend 


pq4vq1 


AllpU 2311 


3 (0.5%) 


20 (4.3%) 


27 (6.1%) 


28 (6.3%) 


<0.001 


<0.001 


Time CP to randomization 














0-24 hrs 508 


0 (0%) 


4 (4.8%) 


10(12.9%) 


7 (5.3%) 


0.02 


0.02 


>24-4dhrs 915 


0(0%) 


9 (4.6%) 


9 (4.5%) 


15 (8.5%) 


0.003 


<0.001 


> 48 hrs 862 


2 (0.9%) 


6 (2.9%) 


8 (4.3%) 


6 (4.9%) 


0.28 


0.11 



Index dx 



STEMI 

NSTEMI 

UAP 


760 
518 
1042 


0 (0%) 

1 (0.8%) 

2 (0.8%) 


4 (2.5%) 
7 (8.7%) 
9 (3.7%) 


8(5.1%) 
7(5.5%) 
12(6.7%) 


9 (6.2%) 
10(9.i3%) 
9 (4.7%) 


<0.05 

0,07 

0.07 


0.008 
0.008 
0.02 


Gender 
male 
female 


1660 
651 


2 (0.5%) 
1 (0.7%) 


12(3.9%) 
8 (5.0%) 


20 (6.5%) 
7(5.1%) 


16(5.7%) 
12(7.3%) 


0.002 
0.08 


<0.001 
0.008 


Diabetes 

present 
absent 


496 
1814 


1 (0.8%) 

2 (0.5%) 


6 (5.8%) 
14(3.9%) 


6 (5.5%) 
21 (6.3%) 


12(11.6%) 
16(4.7%) 


0.03 
0.003 


0.003 
0.001 


Age 

<65 
>65 


1402 
896 


0 (0%) 
3(1.4%) 


4(1.4%) 
16(9.2%) 


14(4.9%) 
13(8.1%) 


8 (3,4%) 
20 (10.9%) 


0.001 
0.007 


0.006 
<0.001 



45 The percentages represent survival estimates. 

AssodBtlon of total cTnl Wltti Baseline Clinical Variables 

[01 30] Dataware evaluated from 2523 patients. Higher baseline levels of total cTnl were associated with male gender, 
50 absence of diabetes, absence of prior coronary artery disease, absence of hypertension requiring treatment, and tobacco 
use, but not with older age or race. Higher total cTnl levels were associated with renal function, electrocardiographic 
changes, Killip Class > I, and elevated levels of CK-MB. flBble 4) In contrast, total cTnl was not assodated with body 
mass Index, the extent of coronary artery disease measured at coronary angiography, stress test, or race. There was 
no association between the concentration of total cTnl and the time from symptom onset to enrollment In the trial. There 
55 was no association between the concentration of total cTnl and CRP (R=0.05; p=:0.ie) or fibrinogen (R=0.04; p=0.18) 
(Table 5). 
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Table 4 Association between Baseline Variables and Quartiles of Baseline Marker Concentrations 
Total Troponin I 

^53.6 53.6-346 346-1816 >1616 p trend pQ4vsQ1 



Range of marker levels 


0-53.6 


53.8-346 


346.6-1811.5 


1820.3-69719 






TTme from onset to 


36.99 ± 


41 .29 ±20.7 


44.26 ±20.06 


37.74 ±17.74 


0.1518 


0.5086 


rando (hrs) 


20.53 












Age (years) 


61.66 ± 
11.41 


61.58 ±11.49 


60.04 ±11.46 


59.24 ±11,65 


0 


0.0002 


Male 


409 (64.7%) 


437 (69.4%) 


464 (73.7%) 


506 (80.2%) 


0 


0 


White 


596 (94.3%) 


590 (93.7%) 


589 (93.5%) 


597 (94.8%) 


0.8565 


0.811 


Hypertension req rx 


308 (48.7%) 


297 (47.2%) 


223 (35.5%) 


230 (36.5%) 


0 


0 


Prior CAD' 


441 (69.8%) 


387 (58.3%) 


258 (41 %) 


194 (30.7%) 


0 


0 


PCI for index event 


120(19%) 


179(28.4%) 


1 70 (27%) 


206 (32.6%) 


0 


0 


Periph AVD 


68 (9.2%) 


54 (8.6%) 


39 (6.2%) 


28 (4.4%) 


0.0003 


0.001 


Prior CVA/TiA+ 


45 (7.1 %) 


46 (7.3%) 


34 (5.4%) 


30 (4.8%) 


0.0359 


0.0771 


Diabetes 


158 (25%) 


147 (23.3%) 


131 (20.8%) 


118(18.7%) 


0.0038 


0.0071 


Family history of CAD 


268 (41.2%) 


273 (43.8%) 


237 (37.9%) 


240 (38.3%) 


0.098 


0.2986 


iHypercholesterolemta 


225(35.7%) 


210(33.4%) 


154 (24.5%) 


121 (19.2%) 


0 


0 


Cun^nt smoker 


169(26.9%) 


220 (34.9%) 


256 (40.7%) 


276 (43.9%) 


0 


0 


Never smoker 


223 (35.5%) 


203 (32.2%) 


191 (30.4%) 


178 (28.3%) 






Past smoker 


236 (37.6%) 


207 (32.9%) 


182 (28.9%) 


175(27.8%) 






STBMi 


38 (6%) 

WW ^W /VJ 


99(15.7%) 


262 (41.7%) 


428 (67.8%) 


0 


0 


NSTEMI 


36 (5.7%) 


114(18.1%) 


240 (38.2%) 


172 (27.3%) 






UA 


657 (88.3%) 


417(66.2%) 


127 (20.2%) 


31 (4.9%) 






Aspirin prior 


353 (55.9%) 


309 (49.2%) 


205 (32.5%) 


144 (22.8%) 


0 


0 


Prior heparin 


502 (79.4%) 


551 (87.6%) 


568 (90.2%) 


590 (93.5%) 


0 


0 


Beta blockers prior 


242 (38.4%) 


201 (31.9%) 


139 (22.1%) 


112(17.8%) 


0 


0 


l-typolipidemic agents 


178(28.3%) 


160 (25.6%) 


109(17.4%) 


84(13.3%) 


0 


0 


prior 














BMl 


28.64 ± 


28.62 ± 12.23 


27.96 ± 4.71 


27.9 ± 4.58 


0.0568 


0.1028 




14.67 












Systoito BP (mm Hg) 


132.16 ± 


131.93 ± 


126.62 ± 


124.58 ± 


0 


0 




20.76 


21.19 


20.01 


19.98 










74 71 -«- 1 9 1 R 


TO ca 4- 1 9 CO 


TQ oa 4. 1 9 07 


n nni 1 






12.28 












Klillp li-IV 


53(8.5%) 


52 (8.4%) 


62 (8.3%) 


76(12.1%) 


0.0433 


0.0407 


Creatinine clearance ^ 
90 

CK > ULN 


260 (43%) 


227 (38.3%) 


217(35.9%) 


202 (33.9%) 


0.0008 


0.0012 


99 (17.6%). 


210(36%) 


503 (83.6%) 


603 (97.7%) 


0 


0 


CK-MB > ULN 


93 (29.7%) 


200 (55.9%) 


445 (90.8%) 


516(96.1%) 


0 


0 


CTnl ^ 0.4 ng/lTig 


42 (32.3%) 


114(62.6%) 


126 (84%) 


123 (83.7%) 


0 


0 


ST depression > 


269 (42.6%) 


292 (46.3%) 


313(49.7%) 


354(66.1%) 


0 


0 


0.6mm 














T wave inversion > 


176(27.8%) 


170(27%) 


154(24.4%) 


124(19.7%) 


0.0004 


0.0006 


3mm 














New LBBB 


12(2%) 


14(2.3%) 


7(1.1%) 


8(1.3%) 


0.1663 


0.3411 
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Total Troponin I 



^53.6 



Table continued 
53.6-346 346-1816 



>1816 p trend pQ4v8Q1 



10 



IS 



20 



Angiography: number 
of vessels with ^ 50% 
stenosis 
None 

1 vessel 

2 vessel 
^vessels 
LVBF(%) 



Stress test positive 
Stress test 
indetenminate 
Stress test negative 



0(0%) 
3(18.8%) 
10(62.5%) 
3(18.8%) 
. 63.98 ± 
13,36 

67 (39.4%) 
29(17,1%) 



0(0%) 
1 (5%) 
12 (60%) 
7 (35%) 
56.13 + 11.82 



61 (34.5%) 
29 (16.4%) 



0(0%) 
4(17.4%) 
8 (34.8%) 
11(47.8%) 
65.88 + 12.55 



87 (38.8%) 
28 (12.6%) 



0(0%) 
2 (6.5%) 
22(71%) 
7(22.6%) 
60.42 ± 12.01 



79 (36.7%) 
31 (14.4%) 



0.9572 



0.043 



0.5179 



0.0556 



0.4108 



74 (43.5%) 87 (49.2%) 1 09 (48.7%) 1 05 (48.8%) 



$ Prior CAD: previous Ml, documented unstable angina, angina pectoris, anglographlcally confimied CAD, prior PTCR 
or CABG not for index event. 

+ Prior CVA/TIA: Cerebrovascular arterial disease, prior non-haemorrtiagic strol^e or prior TIA. 



Table 5 Simple Correlation between Baseline Marker Levels & Continuous Baseline Variables 
Total Troponin I 







Rvalue 


P* 


30 


Age (years) 


0.06 


0.0113 




BMI 


0.02 


0.3959 




Maximum recorded CK-MB (% of ULN) 


0.36 


0 




CRP (mg/dl) 


0.05 


0.1591 




Fibrinogen (mg.d!) 


0.04 


0.1752 


35 


LVEF(%) 


0.19 


0.0003 




Creatinine clearance 


0.03 


0.1333 



*p value based on Pearson's product moment comelation coefficient 



40 The p value based on Pearson's product moment con-elation coefficient tests whether a linear relationship between the 
mariner and the baseline variable is valid. The R value indicates how closely the observed points are to the fitted line. 
Assoa'ation of total cTnf With Clinical Outcomes 

[0131] The concentration of total cTnl was significantly higher among patients who died by 30 days (p=0.004) vs. 
those who were alive at the same time point Similarly, total cTnl concentrations were higher among patients with a 
45 combined endpoint of death or nonfatal Mi than those free of these endpoints. (p<0.01 for each endpoint at both 30 days 
and 1 0 months (Tables 6 and 7). 

Table 6 Correlation between Baseline Marker Concentrations and 30 Day Outcomes 

Total Troponin I 

so Outcome n mean ± SO median (25, 75) p 

Dead '■ 40 4656.93 ± 10309.66 1293.5 (104.3,4990.12) 0.0041 

Alive 2483 2144.1 ± 5384.8 335.4(53.45,1775.8) 



55 



Ml 70 3248.72 + 10172.18 219.9(67.9,1820.75) 0.1006 

No Ml 2463 2153.65 ±5310.16 346,6(53.2,1811.5) 

Ischemia -> Urgent Revasc 81 2226.51 ± 5366.63 470.8 (70.1 , 1 744.4) 0.9436 
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Total Troponin I 

Outcome n mean ± SD median (25, 75) p 

No Ischemia •> Urgent Revasc 24^ 2182.52 i 5508.1 338.5 (53.52,1818.1) 

5 

Death/Ml 103 3901.2 ± 10514.31 387.3(69.6,3380.4) 0.0012 

NoDeathA4l 2420 2110.84 i 5174.48 337(52.68,1761.45) 

10 Death/Ml/lschemla -> Urgent Revasc 180 3181.68 ± 8743.16 433.85 (69.77.2287.88) 0.0116 

No Death/MI/lschemia -> Urgent Revasc 2343 21 07.29 ± 51 65.32 333.7 (52.55,1 775.8) 



15 



so 



25 



30 



Table 7 Correlation between Baseline Marker Concentratlons.and 10 Month Outcomes 
Total Troponin! 

Outcome n mean ± SD median (26,75) p 

Dead 86 3309.64 ± 7830.37 641.95 (94.72,3882.3) 0.0535 

Alive 2437 21 44.21 ± 5400.14 335.4 (52.9,1 744.4) 

Ml 123 2758.01 ± 8494.07 200.7(66.7,1497.6) 0.^56 

No Ml 2400 2154.51 +5305.09 361.3(52,92,1829.52) 

Ischemia -> Urgent Revasc 146 1981.8 ± 4703.86 336.4(70.1,1519.8) 0.6488 

No Ischemia > Urgent Revasc 2378 21 96.26 ± 5548.1 8 346.3 (53.42,1 826.83) 

Death/Ml 190 31 81 .92 ± 8575.64 340.45(69.8,2632.88) 0.0093 

No Death/Ml 2333 2102.66 ± 5166.94 346(52.4,1766.1) 

Death/Ml/Ischemia -> Urgent Revasc 328 2678.37 ± 7245.55 346.5 (69.97,1 876.8) 0.081 

No Death/MI/lschemia -> Urgent Revasc 2195 2110.06 ± 5190.23 346 (52.1,18042) 

35 Association of cTnTIC \Mth Baseline Ciinical Variables 

[01 32] Data were evaluated from 2439 patients. Higher baseline levels of cTnTlC were associated with male gender, 
absence of diabetes, absence of prior coronary artery disease, absence of hypertension requiring treatment, and tobacco 
use, but not with older age or race. Higher cTnTlC levels were associated with renal function, electrocardiographic 
40 changes, Killip Class > I, elevated levels of cTnl, and elevated levels of CK-MB. (Table 8) in contrast, cTnTlC was not 
associated with body mass index, the extent of coronary artery disease measured at coronary angiography, stress test, 
or race. There was no association between the concentration of cTnTIC and CRP (R=0.03; p=:0.36) or fibrinogen (R?:0.04; 
p=0.29)(Table9). 

4S Table 8 Association between Baseline Variables and Quartlles of Baseline Marker Concentrations 

Troponin TIC Complex 

<16.65 16.65-65.8 65.8-195 >195 p trend pQ4vs01 

Range of markerlevels 0-16.6 16.7-65.8 65.9-193.4 196.6-58658.8 

^ Time from onset to 41.05 ± 43.25 ± 42.53 ± 20.82 33.35 ±16.43 0 0 
rando (hrs) 20.31 20.49 

Age (years) 61.8 ± 11.64 60.76 ± 60.69± 11.35 69.75 ± 11.69 0.003 0.002 

11.53 

^ Male 381(62.5%) 437(71.6%) 437(71.8%) 484(79.3%) 0 0 

White 579(94.9%) 570(93.4%) 571(93.8%) 583(96.6%) 0.5822 0.5904 

Hypertension req rx 282(46.3%) 269(44.2%) 253(41.5%) 226(37.1%) 0.0008 0.0012 
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16.65-65.8 65.8-195 


>i yo 


p trend 


p Uh- VS yj} 


Prior CAD? 


383(62.8%) 


356 (58.4%) 


282 (46.3%) 


OA? /OO 00/ \ 

20/ (oo.97o) 


A 
0 


A 

U 


PCI for index event 


149 (24.4%) 


134(22%) 


1 75 (28.7%) 


4 ac /OA oo/ \ 

1 85 (30.3%) 


A AAOO 

0.0022 


A A04 
0.021 


Periph AVD 


56 (9.2%) 


56 (9.2%) 


32 (5.3%) 


30 (4.9%) 


0.0004 


A AA/I 4 

0.0041 


Prior CVA/TIA+ 


47(7.7%) 


38 (6.2%) 


32 (5.3%) 


oo /C AO/ \ 

33 (5.4%) 


0.0715 


0.1071 


Diabetes 


154(25.2%) 


118(19.3%) 


142(23.3%) 


4 4 A/4 A Cn/ \ 

1 1 9(1 9.5%) 


0.0789 


A A4 7 
0.017 


Family history of CAD 


252(41.7%) 


246 (40.4%) 


254(42.1%) 


226 (37.4%) 


A OAOO 


A 4 oe4 
0.1261 


Hypercholesterolemia 


192(31.5%) 


200 (32.8%) 


1 62 (26.6%) 




A 
U 


A 

0 


Cun^nt smoker 


196(32.3%) 


212(34.6%) 


219(36.1%) 


255(41 .9%) 


A AAOA 

0.0026 


A A4 •! a 

0.01 1p 


Never smoker 


220(38.3%) 


180(29.5%) 


193(31.8%) 


4 Q-i /OA 70/ \ 
lOl (28. /7») 






Past smoker 


190(31.4%) 


218(35.7%) 


196(32.1%) 


173(28.4%) 






STSMI 


74(12.2%) 


125 (20.5%) 


222 (36.5%) 


374(61.3%) 


0 


0 


NSTEMI 


99(16.3%) 


117(19.2%) 


146(24%) 


4 OO/OA OO/ \ 

162(29. 07o) 






UA 


436 (71.6%) 


367 (60.3%) 


241 (39.6%) 


C A fa AO/ \ 

54 (8.9%) 






Aspirin prior 


288 (47.3%) 


305 (60%) 


235 (38.7%) 


1 49 (24.6%) 


0 


0 


Prior heparin 


520 (85.2%) 


505 (82.8%) 


537 (88.2%) 


572 (93.9%) 


0 


0 


Beta blockers prior 


200 (32.8%) 


199(32.6%) 


168(27.6%) 


110(18%) 


0 


0 


Hypolipidemic agents 


152(25.1%) 


149 (24.5%) 


116(19.1%) 


88 (14.4%) 


0 


0 
















BMI 




OA OA ^ C 1 R 
£0.d15 Z D.10 


OQ Ai -f- 10 QO 


27.92 ± 4.55 


0.2118 


0.162 




14.91 












Sysiolte BP (mm Hg) 


131.87 ± 


129.72 ± 


128.98 ± 


125.55 ±20.25 


0 


0 




21.13 


20.49 


20.62 








Diastolic BP (mm Hg) 


74.95 ± 12.5 


74.75 ± 


74.32 ± 12.44 


73.38 ± 13.3 


0.0244 


0.0296 






11.88 










Killip ll-IV 


40 (6.7%) 


49 (8.1%) 


62 (10.3%) 


77(12.7%) 


0.0002 


0.0005 


Creatinine clearance ^ 
90 

CK>ULN 


239(41.6%) 


230 (39.4%) 


222 (38.9%) 


193(33%) 


0.0036 


0.0025 


161 (^QVt^ 

1 O 1 \4m9 /Of 


(AR 


979 /fifi 7%^ 


570(95%) 


b 


0 


CK-MB > ULN 


173(50.6%) 


211 (69.6%) 


336 (78.9%) 


484 (96.8%) 


0 


0 


CTnl s 0.4 ng/mg 


81 (54%) 


78 (55.3%) 


109(73.6%) 


117(81.8%) 


0 


0 


ST depression > 


274 (44.9%) 


271 (44.4%) 


309 (50.7%) 


344 (56.4%) 


0 


0.0001 


0.5mm 














Twave Inversion > 


170(27.9%) 


169(27.7%) 


138(22.7%) 


126 (20.7%) 


0.0007 


0.0034 


3mm 














NewLBBB 


10(1.7%) 


13 (2.2%) 


8(1.3%) 


10(1.7%) 


0.6932 


0.9698 


Angiography: number 














of vessels with ^ 50% 














stenosis 














None 


0 (0%) 


0 (0%) 


0 (0%) 


0 (0%) 


0.3038 


1 


1 vessel 


5 (45.5%) 


1 (4.3%) 


2 (8%) 


2 (8%) 






2 vessel 


5 (45.5%) 


13(56.5%) 


15(60%) 


15(60%) 






^ vessels 


1 (9.1%) 


9(39.1%) 


8 (32%) 


8 (32%) 






LVEF(%) 


53.49 ± 


58.29 ± 


53.84 ±13.35 


50.53 ± 12.17 


0.0203 


0.1235 




11.36 


.12.34 











35 
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Table continued 



Troponin TIC Complex 



^16.66 



16.65-65.8 



65.8-195 



>195 p trend pQ4v8Q1 



10 



70 (40.5%) 
25 (14.5%) 



79 (38%) 
34(16.3%) 



60 (32.8%) 
31 (16.9%) 



71 (37.4%) 
27 (14.2%) 



0.6382 0.5086 



Stress test posMve 
Stress test 
Indeterminate 

Stress test negative 78 (46. 1%) 95 (46.7%) 92 (60.3%) 92 (48.4%) 

$ Prior CAD: previous Ml, documented unstable angina, angina pectoris, angiographtcally conflmied CAD, prior PTCR 

or CABG not for Index event. 

+ Prior CVAH'IA: Cerebrovascular arterial disease, prior non-haemorrtiagic stroke or prior TIA. 



15 



20 



25 



Table 9 Simple Correlation between Baseline Marker Levels & Continuous Baseline Variables 
Troponin TIC Complex 





R value 




Age (years) 


0.02 


0.3448 


BMI 


0 


0.9317 


Maximum recorded CK-MB (% of ULN) 


0.22 


0 


CRP (mg/dl) 


0.03 


0,3579 


Fibrinogen (mg.dl) 


0.04 


0.2861 


LVEF (%) 


0.07 


0.186 


Creatinine clearance 


0.03 


0.1679 



*p value based on Pearson's product moment comelation coefficient 



30 



35 



45 



so 



The p value for Pearson's product moment correlation coefficient tests whether a linear relationship between the marker 
and the baseline variable is valid. The R value Indicates how closely the observed points are to the fitted line. 

Association ofcTnTIC With Ciinical Outcomes 

[0133] The concentration of cTnTIC was significantly higher among patients who died by 30 days (p<0.06) vs. those 
who were alive at the same time point (Table 10). The trend of lower quartlle cTnTiC concentrations was associated 
with an Increased frequency of ischemia requiring urgent revascularization at 10 months (Table 11). In contrast, the 
trend of higher quartlle cTnTIC concentrations was associated with an Increased frequency of death, ischemia requiring 
urgent revascularization, and the combined endpoint of death, non-fatal Ml. orischemia requiring urgent revascularization 
at 30 days post-event In patients with no history of smoking (Table 1 2). 



Table 10 Correlation 
Troponin TIC Complex 
Outcome 



Baseline Marker Concentrations and 30 Day Outcomes 

n mean±SD median (25, 75) 



Dead 
Alive 

Mi 

No Ml 

Ischemia -> Urgent Revasc 
No Ischemia -> Urgent Revasc 



40 1255.76 ± 3208.86 

2399 479.48 ± 2460.34 

70 685.68 ± 2837.65 

2369 486.49 ± 2464.51 

82 411.49 ± 1422.44 

2357 495.02 ± 2504.38 



163.3(23.15.973.55) 
65.5 (16.65,188.85) 



0.0492 



50.75 (6.25,287.27) 0.5071 
66.3(17.193.2) 

82.95 (15.7,260.42) 0.764 
65.6 (16.7,189.6) 



55 



Death/Ml 
No Death/Ml 



103 933.03 ± 3070.43 64.3(12.35,442.65) 0.0648 
2336 472.77 ± 2444.99 65.85 (16.95,188.42) 



Death/MI/lschemla -> Urgent Revasc 



181 710.78 ±2613.32 



66.1 (12.8,334.3) 0.2171 
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Table continued 

Troponin TIC Complex 

Outcome n mean±SD median (25, 75) 

No Death/lVtiyischemla -> Urgent Ftevasc 2258 474.69 ± 2472.24 65.7(17,187.05) 



Table 11 Associations between Baseline Marker Concentrations and 10 Month Outcomes 
Troponin TIC Complex 



10 




< 16.65 
n 


% 


16.65-65.8 
n % 


65.8-195 
n % 


>195 
n 


% 


p trend 


p Q4 V8 Q1 






610 




610 




609 




610 










Death 


23 


5 


16 


3.5 


15 


3.1 


32 


6.3 


0.1619 


0.1678 


IS 


Mt 


44 


8.6 


32 


5.9 


21 


4.6 


27 


5.7 


0.0162 


0.059 




Ischemia -> Urgent 


40 


7.7 


40 


8.8 


30 


5.6 


36 


6.1 


0.4682 


0.7325 




Revasc 
























Death or Ml 


56 


10.9 


45 


8.7 


35 


7.5 


55 


11.1 


0.7577 


0.9498 




Death/MI/ischemla -> 


93 


17.7 


85 


17.4 


64 


12.9 


88 


16.6 


0.439 


0.853 



^ Urgent Revasc 

With the exception of cause of death, percentages are kaplan-melsr events rates with follow up censored at 1 0 months, 
p values are from Cox regression analysis. 



25 

Table 12 Association between Baseline Marker Concentrations and 30 Day Outcomes 
Troponin TIC Complex 
Smoking: Never smoked 

£16.65 16.65-65.8 65.8-195 >195 

^ n % n % n % n % ptrend pQ4vsQ1 

220 1 80 1 93 181 





Death 


4 


1.8 


2 


1.2 


3 


1.6 


11 


6.1 


0.0178 


0.035V 




Ml 


9 


4.1 


7 


4.1 


4 


2.1 


6 


3.5 


0.4843 


0.7361 


35 


Ischemia -> Urgent Revasc 


1 


0.5 


7. 


4.1 


7 


3.7 


11 


6.2 


0.0042 


0.0111 




Death or Ml 


11 


5 


8 


4.6 


6 


3.1 


16 


8.9 


0.1884 


0.1254 




Death/MI/ischemla -> 


12 


5.5 


15 


8.7 


13 


6.8 


26 


14.5 


0.0054 


0.0029 



40 



Urgent Revasc 



Association ofBNP With Baseline Clinical Variables 



[0134] Data were evaluated from 2525 patients. Higher baseline quartile levels of BNP were associated with age, 
45 hypertension, and tobacco use. Higher quartile BNP levels were associated with history of congestive heart failure, renal 

function, electrocardiographic changes, Killip Glass > I, and elevated levels of CK-MB. (Table 13) In contrast, the quartile 

BNP concentration was not associated with prior history of coronary artery disease, body mass index, and diabetes. 

There was a significant correlation between the concentration of BN P and the continuous baseline variables GRP (R=0.2; 

p<0.0001), fibrinogen (R=0.18; p<0.0001), LVEF (R=0.23, p<0.0001). The congelation between BNP concentration and 
50 body mass index was modest (R=0.06) (Table 14). In addition, higher mean BNP concentrations were significantly 

associated with the number of vessels with 50% stenosis or greater, lower ejection fraction, and positive stress test 

results (Table 15). 

Table 13 Baseline Clinical Characteristics According to Quartlles of BNP (pg/mL) 





Quartile 1 


Quartile 2 


Quartile 3 


Quartile 4 p trend 


pQ4vs 
Q1 


Range of BNP levels, pg/mL 


0-43.6 


43.7-81.2 


81.3-137.8 


137.9-1456.6 
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10 



15 



20 



25 



35 



40 



45 



SO 



55 





Quartile 1 


Quartile 2 


Quartile 3 


Quartile 4 


p trend 


pQ4 vs 
Q1 


n 


OO 1 




632 


630 






Time to randomization (hrs) 


39 ±21 


40 ±21 


41 ±20 


41 ± 19 


0,04 


0.10 


Age ^feais; 


•57 -♦- 10 

9/ -1. IV 


59 ± 1 1 


61 ± 12 


66 ± 11 


<0.0001 


<0.0001 


Mala 

Maie 






479^75%^ 


'405^64%^ 


0.0001 


<0 0001 




V/o7o; 












wnne 


OfO 




oww^90 /oy 


Ovw^9U /Of 


0,0002 


0.001 
















Past Medical History 














Hypertension 


246 




263 (42%) 


298(47%) 


0.003 


0.003 




(39%) 


(40%) 










Congestive Heart 


26 (4%) 


28(4%) 


26 (4%) 


56 (9%) 


0.0006 


0.0008 


Failure 














Coronary artery 


329 


312 


294 (47%) 


327 (52%) 


0.7 


0,9 


disease* 




(4»%) 










Peripheral vascular 
disease 


an /Pay \ 

33 (5%) 


>tQ /TO/ \ 

43 (7%) 


48 (8%) 


CT /aO!i£.\ 

or (870; 


O.OUB 


U.UU9 


Cerebrovascular 


24 (4%) 


AO /coy \ 
32 (5%) 


on #00/ \ 


00 (10%) 


<0.U0U1 


U.UUUI 


disease 














Diabetes 


138 


133 


132(21%) 


152(24%) 


0.4 


0.3 
















Family history of CAD 


268 


260 


20o (4l%J 


2o2 \of70} 


U.U40 


U.U4 






(41 /o) 










Hypercholesterolemia 


199 


191 


1 73 (28%) 


149 (24%) 


0.0009 


A AAO 

0.002 






\o\r7o) 










Smoking status: 










0.0002 


0.001 


Current smoker 


233 


263 


236 (38%) 


189(30%) 




















Never smoker 


193 


101 


1 oO (297o; 


204 (40%) 




















Past smoker 




one 




1 DO (oU%) 










(OOTbJ 










Index Diagnosis: 










<0.0001 


<0.0001 


ST elevation Ml 


141 


189 


231 (37%) 


264 (42%) 










(OUToj 










iNon oi elevation mi 


87 (04%) 




i CO /OCO/ \ 

158 (25%; 


182 (28%) 




















Unstable angina 


402 


306 


241 (38%) 


184(29%) 








(64%) 


(48%) 










Physical findings 














BMI kg^m2 


29 ± 5 


28 ±5 


28± 14 


28 ± 12 


0.1 


0.08 


Systolic BP (mm Hg) 


130 ± 20 


129 ± 19 


128 ± 22 


129 ± 21 


0.3 


0.4 


Kiliip Class ll-IV 


31 (5%) 


36 (6%) 


56 (9%) 


109 (18%) 


<0.0001 


<0.0001 


Diagnostic Testing 
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Quait'le 1 


Quartile 2 


Quartile 3 


Quartile 4 


p trend 


p Q4 vs 
Q1 


5 


Creatinine clearance^ 


146 


185 


229 (38%) 


350 (58%) 


<0.0001 


<0.0001 




90 


(24%) 


(31%) 












CK-MB > ULN 


212 


308 


348 (79%) 


388 (86%) 


<0.0001 


<0.0001 






(58%) 


(72%) 












ST depression > 


270 


297 


311 (49%) 


356 (57%) 


<0.0001 


<0.0001 


10 


0.5mm 


(43%) 


(47%) 












Twave inversion > 


137 


146 


171 (27%) 


167(27%) 


0.02 


0.047 




3mm 


(22%) 


(23%) 











* Priorcoronary artery disease: previous Mi, documented unstable angina, angina pectoris, angiographicalty confimried 
CAD, prior PTCR or CABG not for index event. 



Table 14 Correlation between BNP Levels & Continuous Baseline Variables 

R value p value 



Age (years) 


0.28 


<0,0001 


BiVIl 


0.06 


0.006 


IVIaxImum recorded CK-MB (% of ULN) 


0.09 


0.0005 


CRP (mg/dl) 


0.2 


<0.0001 


Rbrinogen (mg.dl) 


0.18 


<0.0001 


LVEF (%) 


0.23 


<0.0001 


Creatinine clearance 


0.28 


<0.0001 



30 

Table 16. Association between cardiac test results and BNP concentration 



Test 


Result 


n 


BNP (Mean ±SD) 


p value 


Coronary Angiogrephy: 


None 


27 


68 ±48 


<0.0001 


No. vessels with S 


1 


220 


83 ±65 




50% stenosis 


2 


106 


98 ±98 








79 


143± 145 




LV Ejection Fraction 


<50% 


156 


136 ± 161 


0.003 




>50% 


189 


96±78 




Stress test 


Positive 


296 


118±118 


0.003 




indetenninate 


118 


118 ± 128 






Negative 


374 


91 ±95 





Association of BNP With Clinical Outcomes 



[0135] The concentration of BNP was significantly higher among patients who died by 30 days (p<0.p001) and 10 
months (p<0.0001) vs. those who were alive at the same time points (Table 16). Furlhennore, the BNP concentration 
was significantly higher among patients who experienced a non-fatai Mi by 30 days (p=0.01) and 10 months (p=0.02) 
vs. those who did not (Table 16). The relationship between higher BNP concentration and death by 30 days and 10 
months also was observed in an analysis of subgroups based on index diagnosis (T able 17). 
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Table 16. Association between baseline BNP concentration (pgAnL) and outcomes 




Outcome 


n 


Median [26,75] Mean ± SD p value 


5 


30 days 


Dead 39 
Alive 2486 


. 153 
80 


[79,294] 226 ± 204 <0.0001 
[43,135] 113 ±124 


10 




Mt 70 
No Ml 2455 


109 
80 


[50,159] 162 ± 159 0.01 
[44.137] 113 ±125 


15 


10 months 


Dead 85 
Afive 2440 


143 
79 


[88,308] 228 ± 228 <0.0001 
[43,133] 110 + 120 


20 




Ml 124 
No Ml 2401 


101 
80 


[50,161] 141 ± 140 0.02 
[43,134] 113 ±126 


Table 17. Association between baseline BNP concentration (pg/ml) and 10-month outcomes In subgroups 

based on Index diagnosis. 




Outcome 




n 


Mouiari i£,o, / oj iviDan x ou p vaiue 


25 


ST elevation Ml 




825 


96 [58,161] 131 ± 


30 




Dead by 30 days 
Aitve at 30 days 


13 
812 


1 53 [77,265] 236 ± 220 0.002 
95 [56,161] 




Dead by 10 months 
Alive at 10 months 


23 
802 


1 50 [90,227] 1 99 ± 1 76 0.008 
95* [55,161) 129 ±123 


35 


Non-ST elevation ACS 




1698 


72 [39,124] 106 ± 






Dead by 30 days 
Alive at 30 days 


26 
1672 


149 [84,307] 220 ± 200 <0.0001 
71 [39,123] 106 ±124 


40 




Dead by 30 days 
Alive at 30 days 


62 
1636 


142 [88,320] 239 ± 245 <0.0001 
70 [38,121] 101 ±117 




Unstable Angina 




1133 


60 [33,105] 92 ± 


45 




Dead by 30 days 
Alive at 30 days 


14 
1119 


94(69,237] 182 ± 195 0.002 
60(33,105] 90 ±109 


SO 




Dead by 10 months 
Alive at 10 months 


34 
1099 


96 [70,265] 233 ± 292 <0.0001 
58 [33,104] 87 ±97 




Association ofFABP With Baseiim ClintcAi Variables 







[01 36] Data were evaluated from 2287 patients. The association of FABP with baseline clinical variables was perfomied 
using a FABP outpoint of 8 ng/mL. Higher baseline levels of FABP were associated with age, history of congestive heart 
failure, renal function, electrocardiographic changes, Klllip Class > I, and elevated levels of CK-MB, cTnl, BNP, and CRP 
(Tabie 1 8). In contrast, the quartile FABP concentmtlon was not associated with prior history of coronary artery disease, 
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body mass Index, hypertension, and diabetes. There was a significant correlation between the concentration of FABP 
and the cTnl concentration {R=:0.21; p<0.0001). The correlations between FABP concentration and other continuous 
variables were modest (R2<0.03) (Table 19). 



Table 18. Baseline Clinical Characteristics According to Baseline FABP (ng/mL) 



10 



15 



20 



25 



30 



40 



45 



50 



55 







CAQD ^—fl 

rAdr <=o 


CARD 


P 


Range, ng/mL 




<8 


8 -434.2 




n 




1955 


332 




Time to randomization (hrs) 


42 ±19 


33± 19 


<0.0001 






60± 11 


65 ±12 


<0.0001 


IVialc 




1401 (72%) 


244 (73%) 


0.5 


wniie 




1633(94%) 


315(95%) 


0.4 


Past Medical History 












riypci Loi lolUi 1 


820 (42%) 


140 (42%) 


1.0 




Lrongeouve nean. raiiure 


89 (5%) 


29 (9%) 


0.001 




ooronary anery aiseose 


983 (50%) 


155(47%) 


0.2 




PCi for index event 


670 (34%) 


105(32%) 


0.3 




Peripheral vascular disease 


132 (7%) 


24 (7%) 


0.8 






57 (3%) 


10(3%) 


0.9 




Diabetes 


428 (22%) 


65 (20%) 


0.3 




ramiiy nistory ot wAU 


793(41%) 


111 (34%) 


0.02 




Hypercholesterolemia 


576 (30%) 


72 (22%) 


0.003 




ASA in 2 wks prior 


t w jy ^•t 1 /Of 


1 ^WW /Of 


0 1 




upid rx £ wi\ pnur 


426 (22%) 


53 (16%) 


0.01 




Heparin prior to rand 


1734(89%) 


278 (84%) 


0.009 




Mwc iTianagemeni 


1577(81%) 


248 (76%) 


0.01 




D^DiocKer prior 


538 (28%) 


86 (26%) 


0.5 


Smoking status: 








0.08 




v/urreni smoKer 


37% 


31 % 






. Never smoicer 


31% 


36% 






Past smoker 


32% 


33% 




inaex utagnosts. 








<0.001 




ST elevation Ml 


29% 


52% 






Non ST elevation Ml 


22% 


24% 






Unstable angina 


4d% 


24% 




Physical findings 












BMI kg/m2 


28 ±11 


28 ±5 


0.4 




Systolic BP (mm Hg) 


129 ±21 


130 ±22 


0.2 




HR (BPM) 


72 ±14 


74± 16 


0.03 




Killlp Class IMV 


150(8%) 


56 (17%) 


<0.001 


Diagnostic Testing 












Creatinine clearance ^0 


679(36%) 


167(53%) 


<0.001 




CiCr (cc/min) 


106±40 


92±40 


<:0.0001 




CK-MB > ULN 


909(71%) 


240(91%) 


<0.001 




CTni> 1.5 ng/mi 


232(22%) 


194(59%) 


<0.001 




BNP > 80 pg/mi 


908(47%) 


240(73%) 


<0.001 
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5 



15 



20 



25 



30 





FABP <=8 


FABP >8 


D 

r 


HRP ^ 1 S nn/ml 
o rii ^ 1 .w iiyfiiii 




79 ^50%^ 

/ «7 ^Ov /Of 


0.03 


ST deviation > 1 mm 

Wl VlwTICILIUI 1 ^ Ml It II 


WS/f 111 /Ol 


212 f64%^ 


<0.001 


T w&ve Inversion > 3mm 


278(24%) 


82(25%) 


0.9 


Extent CAD (50% stenosis) 






0.3 


0 vessel 


7% 


4% 




1 vessel 


33% 


35% 




2 vessel 


28% 


30% 




3 vessel 


32% 


32% 




PosETT 


245(37%) 


32 (37%) 


0.2 


EF(%) 


65±12 


49±13 


<0.0001 


Table 19. Correlation between FABPand Continuous variables 




Variable 


R2 


P value 




Time CP to randomization 


0.02 


<0.0001 




Age 


0.007 


0.0001 




BMI 


0.0006 


0.25 




CKM6 peak 


0.024 


<0.0001 




BIOSITEcTnl 


0.21 


<0.0001 




CRP 


0.0001 


0.75 




Fibrinogen 


0.003 


0.002 




BNP 


0.008 


0.0002 




Creatinine CleaiBnce 


0.008 


0.008 




LVEF 


0.02 


<0.0001 
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Associatton of FABP With Clinical Outcomes 

[D1 37] The mean concentration of FABP was significantly higher among patients who died by 30 days (p<0.0001 ) and 
1 0 months (p<0.0001 ) vs. those who were alive at the same time points (Table 20). The mean FABP concentration was 
significantly higher among patients with the combined endpoints of death, non-fatal Ml, or urgent revascularization by 
30 days (p<0.0001) and 10 months (p<0.0001) vs. those who did not have these endpoints (Table 20). Furthemnore, 
the mean FABP concentration was significantly higher among patients who had CHF by 30 days (p<0.0001) and 10 
months (p<0.0001) vs. those who did not (Table 20). These relationships maintained statlsticai significance when the 
FABP concentration was classified either as positive (FABP>8) or negative (FABP = 6 or less) (Table 21 ). 

Table 20. Association between baseline FABP concentration (ng/mL) and outcomes 

Outcome n Mean ± SD p value* 

30 days 



Dead 33 22.8 ± 27.6 

Alive 2254 10.6 ± 14.7 <0.0001 

Death or Ml 86 17.2 ±22.0 <0.0001 

No Death or Mt 2201 10.4 ±14.6 

55 D/MI/UR 157 16.2 ±37.6 <0.0001 

NoD/MI/UR 2130 10.3 ±11.7 
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s 



15 



Outcome 




n 


Mean ± SD 


p value* 




CHF 


46 


20.2 ± 21.0 


<0.0001 




No CHF 


2241 


10.5 i 14.8 




10 months 












Dead 


76 


18.3 ±22.7 


<0.0001 




Alive 


2211 


10.5 ± 14.6 






Death or Ml 


169 


14.5 ± 18.3 


<0.0001 




No Death or Ml 2116 


10.4 ± 14.7 






D/Ml/UR 


294 


13.7 ±28.6 


<0.0001 




NoD/MIAJR 


1993 


10.3 ±11.7 






CHF 


66 


17.5 ± 18.5 


<0.0001 




No CHF 


2221 


10,5 ± 14.8 




* Wicoxon rank sum test 


Table 21. Association between baseline FABP and outcomes 




Outcome 


FABP Neg 


FABP Pos 


P value 




n 


1955 


332 






30 day 










Death 


19(1.0%) 


14(4.2%) 


<0.001 




Ml 


45 (2.3%) 


14(4.2%) 


0.04 




UR 


58 (3.0%) 


16(4.8%) 


0.08 * 




D/Ml 


59 (3.0%) 


27 (8.1%) 


<0.001 




D/MIAJR 


116(6.9%) 


41 (12.4%) 


<0.001 




CHF 


24(1.2%) 


22 (6.3%) 


<0.001 




1 0 month (estimates) 










. Death 


46(3.1%) 


30(12.4%) 


<0.0001 




Mi 


88 (5.6%) 


22 (9.4%) 


0.05 




UR 


109 (6.4%) 


22 (7.4%) 


0.34 




D/MI 


120 (7.8%) 


49(21.4%) 


<0.0001 




D/MIAJR 


226(14.4%) 


68 (29.0%) 


<0.0001 




CHF 


30 (2.0%) 


21 (8.1%) 


<0.0001 




D/MI/OHF 


140 (9.3%) 


56(23.5%) 


<0.0001 





Association of TpP With Baseline Clinical Variables 

so [0138] Data were evaluated from 2349 patients. Higher baseline leveis of TpP were associated wrth age, history of 
coronary artery disease, renal function, history of CHF, aspirin use, and inversely associated with Caucasian race, and 
heparin therapy (Table 22). In contrast, the TpP concentration was not associated with heart rate, Kllllp Class > I, body 
mass Index, hypertension, the extent of coronary artery disease, and diabetes. 



43 



EP 1666 881 A2 



Table 22. Baseline Clinical Characteristics According to Quartiles of TpP in 0PUS-TIMI16 



10 



15 



20 



25 



30 



35 



40 



45 



Endpolnts 






TpPQuartile 
2nd 3rd 


4th 


p value global 


Range 




0-4.8 


4.9-6.9 


9-15.9 


16-160 




N 




596 


590 


577 


586 




Time to randomization 


39 


41 


43 


40 


0.07 


Demographics 
















Age (yrs) 


59 


60 


62 


62 


0.002 




m\e 


76% 


70% 


71% 


69% 


0.01 




White 


94% 


93% 


96% 


93% 


0.1 


PMH 
















l^pertension 


37% 


43% 


44% 


43% 


0.076 




Diabetes 


18% 


22% 


22% 


24% 


0.06 




Cun'ent smoker 


39% 


38% 


36% 


34% 






Hyperlipldemla 


25% 


30% 


28% 


31% 


0.1 




FHx 


39% 


40% 


39% 


42% 


0.69 




Prior CAD 


41% 


49% 


53% 


56% 


<0.001 




Prior IVIi 














Prior CHF 


2.0% 


5.7% 


5.6% 


7.5% 


<0.001 


Index Diagnosis 
















STEM! 


44% 


28% 


30% 


29% 






NSTEMI 


23% 


24% 


24% 


19% 






UA 


33% 


48% 


47% 


52% 




Meds prior to random. 














ASA 


33% 


39% 


43% 


46% 


<0.001 




Heparin 


93% 


88% 


88% 


83% 


<0.001 


Physical Findings 
















BMI (kg/m2) 


27 


29 


28 


29 


0.19 




SBP (mm Hg) 


127 


129 


130 


129 


0.16 




HR (bpm) 


72 


73 


72 


73 


0.3 




Killip Class ll'IV 


7.5% 


8.3% 


8.6% 


11.2% 


0.14 


Diagnostic Testing 
















CrCI <90 ml/min 


35% 


37% 


44% 


40% 


0.02 




Tnl >1 .6 ng/mL 


36% 


25% 


26% 


23% 


<0.001 




CRP >1.5 mg/dL 


42% 


46% 


38% 


46% 


0.24 




BNP >80 pg/mL 


52% 


49% 


56% 


46% 


0.01 




STdeviallon>1 mm 


49% 


45% 


47% 


46% 


0.47 


Extent of CAD 
















OVD 


7% 


8% 


5% 


7% 






1VD 


39% 


27% 


39% 


33% 






2VD 


30% 


30% 


24% 


28% 






3VD 


23% 


35% 


32% 


32% 





SO 



Association of TpP With Clinical Outcomes 

[01 39] The TpP concentration was significantly higher among patients who died by 1 0 months (p<O.0S) vs. those who 
were alive at the same time points (Table 23). The TpP concentration was significantly higher among patients who 
experienced ischemia requiring hospitalization by 10 months (p=0.0062) vs. those who did not fTabie 23). The TpP 
concentration was significantly higher among patients with the combined endpolnts of death or non-fatal Ml, as well as 
death, non-fatal Ml, or urgent revascularization by 1 0 months (p<0.02) vs. those who did not experience these endpoints 
(Table 23). 
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Table 23. Rates of Death, Ml, CHF, Urgent Revasc, and Ischemia in OPUS^TIM1 16 . 
Endpoints TpPQuartile p value for trend 

•fat 3^ 4^^ 



5 




0-4.8 


4.9-8.9 


9-15.9 


16-160 






IN 








wOD 






10-Month Outcomes 














Death 


2.68 


2.37 


3,64 


4.44 


0.047 


10 


i^l 


4.03 


4.76 


5.03 


5.46 


0.24 




CHF 


2.35 


2.37 


3.64 


2.90 


0.34 




Urg Revasc 


4.53 


5.08 


7.45 


6.31 


0.074 




ischemia Re-hosp 


4.70 


5.93 


8.67 


8.02 


0.0062 


IS . 


D/m 


5.87 


6.44 


7.97 


9.22 


0.016 


D/MI/CHF 


7.38 


7,97 


9.36 


10.24 


0.055 




D/iVII/UR 


10.40 


11.36 


14.90 


15.19 


0.0038 



Association of MCP- 1 Witli Baseline Clinical Variables 

[0140] Data were evaluated from 2270 patients. Higher baseline levels of MCP-1 were associated with age. history 
of coronary artery disease, renal function, history of CHF, diabetes, hypertension, Killip Class > I, and aspirin use (Table 
24). In contrast, the MCP-1 concentration was not associated with heart rate, body mass index, the extent of coronary 
artery disease, and smoldng. 
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Association of MCP- 1 With Clinical Outcomes 

[0141] The mean MCP-1 concentration was significantly higher among patients who experienced a non-fatal Ml by 
30 days (p=0.01) or by 10 months (p=:0.04) vs. those who did not at the same time points (Table 25). In addition, the 
5 mean MCP-.1 concentration was significantly higher among patients with the combined endpoints of death,or non-fatal 
Ml (p=0.05), as well, as death, non-fatal Ml, or CHF by 10 months (p=0.02) vs. those who did not experience these 
enG^oints fTable 25). These findings also were observed in a analysis of quartite MCP-1 concentration and outcome 
(Table 26). 

io Table 25. Association between baseline MCP-I concentration (ng/mL) and outcomes 

Outcome n Median [25,75] Mean ± SO p value* 

30 days 



15 



Dead 
Alive 



34 147 [116.227] 184 ± 117 
2236 . 1 78 [128,239] 206 ±21 2 



0.19 



20 



Ml 

No Ml 



59 209 [146,279] 235 ± 130 
2211 177 [128,237] 205 ± 213 



Death or Ml 88 197 [135,268] 221 ± 129 

No Death or Mi 2182 177 [128.236] 205^213 



0.01 



0.13 



25 



D/MI/UR 153 185(140.251] 229 i 284 

NoD/MIAJR 2117 177 [127,237] 204 ±205 



0.12 



30 



CHF 44 182 [134,236] 260 ± 468 0.79 

No CHF 2226 177 [128,238] 204±203 

D/MI/CBF 114 197 [136,264] 243±308 0.06 

NoD/MI/CHF 2156 177 [128,236] 203±204 



35 



40 



10 months 



Dead 
Alive 

Ml 

No Ml 



78 181 [136.248] 

2192 177 [128.237] 

110 202 [136,268] 

2160 177 [128,236] 



205 ± 213 
208 ±110 

221 ± 122 
205 ± 214 



0.41 



0.04 



45 
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DeathorMI 172 192[134,265] 216 ±120 

No Death or Ml 2098 177 [128.235] 205 ±216 



D/MIAJR 
No D/Ml/UR 



D/Mi/CHF 
No D/MI/CHF 



293 180 [133,253] 
1977 177 [127,235] 



CHF 65 192 [147.242] 

No CHF 2205 177 [128.239] 



203 196 [136.264] 
2067 176 [127,235] 



217 ±225 
204 ± 209 

246 ± 387 
204 ± 203 

229 ±242 
203 ± 207 



0.05 



0.23 



0.25 



0.02 



* Wicoxon rank sum test 
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Table 26. Associafion between baseline MCP-1 quartlles and outcomes 



Outcome 


Quartlle 1 


Quartlle 2 


Quartile 3 


Quartlle 4 


P trend 


PQ4V8Q1 


Range, ng/mL 


40-127.9 


128.1-177.3 


177.4-238 


>238 






n 


567 


568 


568 


667 






30 day 














Death 


10(1.8%) 


12(2.1%) 


6 (0.9%) 


7(1.2%) 


0.22 


0.46. 


Ml 


10 (1.8%) 


14(2.5%) 


11 (1.9%) 


24 (4.2%) 


0.02 


0.02 


UR 


8(1.4%) 


24 (4.2%) 


19(3.3%) 


17(3.0%) 


0.23 


0.07 


D/Ml 


19(3.4%) 


22(3.9%) 


16(2.8%) 


31 (5.5%) 


0.14 


0.08 


D/MIAJR 


27 (4.8%) 


46(8.1%) 


36 (6.2%) 


46 (7.9%) 


0.11 


0.03 


CHF 


9(1.6%) 


12(2.1%) 


12(2.1%) 


11(1.9%) 


0.68 


0.65 




23(4.1%) 


27 (4.8%) 


25 (4.4%) 


39 (6.9%) 


0.048 ' 


0.04 


D/MI/CHF 














1 0 month estimates 














Death 


14(2.7%) 


24 (5.2%) 


15(3.1 %) 


25 (7.0%) 


0.21 


0.07 


Ml 


23 (4.8%) 


24 (5.2%) 


23 (5.1 %) 


40 (9.8%) 


0.03 


0.03 


UR 


25 (5.3%) 


43 (8.3%) 


28 (6.0%) 


31 (6.2%) 


0.89 


0.42 


DM 


36 (7.4%) 


42 (9.4%) 


33 (7.0%) 


61 (15.6%) 


0.02 


0.008 


D/MI/UR 


61 (13.0%) 


84(18.2%) 


60 (12.9%) 


88 (21.7%) 


0.11 


0.02 


CHF 


11 (2.2%) 


9(1.9%) 


15(3.9%) 


16(3.4%) 


0.17 


0.33 




41 (8.4%) 


46(10.1%) 


43(10.1%) 


68(17.2%) 


0.009 


0.007 


D/Ml/CHF 















[0142] In a multivariate model (n=:206e) adjusting for other independent predictors of long-temn mortality, including 
age, diabetes, renal function, evidence of CHF, ECG changes, and levels of cTnl and BNP, Increasing concentration of 
MMP-9 remained associated with higher 1 0-month mortality. Ttie adjusted odds ratios for death at 1 0 months for patients 
in the second, third, and fourth quartiles of MMP-9 were 4.6 (1.3-15.6), 6.4 (1.9-21.4), and 7.6 (2.3-25.5). When the 
model was repeated in 736 patients with complete data for all variables including CRP, MMP-g remained significantly 
associated with 10-month mortality. TTie adjusted odds ratios were 3.1 (0.9-10.7), 3.9 (1.1-13.1), and 4.2 (1.3-14.4) in 
the second, third, and fourth quartiles. 



Table 27. Multivariate models for 10-month mortality 



so 
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Model 1 (n=2068) 


Model 2 (n=736) 


Variable 


HR 


95% CI 


HR 


95% CI 


Age > 76 


2.25 


1.03-4.92 


1.91 


0.83-4.40 


Diabetes 


1.59 


0.69-2.43 


1.30 


0.73-2.31 


Kiliip class > 1 


2.98 


1.71-5.21 


2.37 


1.27-4.46 


Liaft bundle branch- blocl< 


4.96 


2.21-11.12 


5.32 


2.19-12.90 


Creatinine clearance < 90 cc/hfiln 


1.28 


0.67-2.48 


1.61 


0.81-3.23 


cTnl > 1.5 ng/mL 


2.12 


1.15-3.93 


2.54 


1.29-5.02 


BNP > 40 pg/mL 


5.70 


1.35-24.04 


5.58 


1.29-24.15 


CRP > 1 .5 ngAnL 






2.18 


1.22-3.90 


MMP-9 Quartile 1 (reference quartile) 


1.0 




1.0 




MMP-9 Quartile 2 


.4.47 


1.28-15.57 


3.05 


0.87-10.76 


MMP-9 Quartile 3 


6.39 


1.90-21.42 


3.89 


1.15-13.15 


MMP-9 Quartile 4 


7.64 


2.29-26.51 


4.25 


1.25-14.42 



[0143] Model 1 includes patients with complete data for ail variables except C-reactive protein. Model 2 includes 
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patients with complete data for all variables Including C-reactive protein. In addition to the variables listed, the models 
were adjusted for prior evidence of hypercholesterolemia, congestive heart failure, or peripheral arterial disease; prior 
use of heparin, nitrates, or diuretics; index diagnosis (unstable angina, non-ST elevation Ml, ST elevation Ml); use of 
nitrates or ace Inhibitors for management of the index event; heart rate; blood pressure; and ST changes on the elec- 
5 trocardiogram. 

[0144] The plasma concentration of MMP-9, measured within the first few days after presentation with' an acute 
coronary syndrome, is predictive of the risk for mortality, nonfatal Ml, and congestive heart failure. The association 
between MMP-9 and mortality is independent of baseline clinical variables, ECG findings, and levels of established 
cardiacbiomarkers such as troponin I, C-reactive protein, and B-type natriuretic peptide. In multivariate analyses, elevated 
10 levels of matrix metalloproteinase-Q, C-reactlve protein, B-type natriuretic peptide, and troponin I were each significant 
independent predictors of increased 10-month mortality. 

[0145] in a prior study, MMP-9 levels did not increase following exercise in patients with stable angina, despite symp- 
tomatic and electrocardiographic evidence of ischemia. Kai H et al.. Peripheral blood levels of matrix rnetalloproteases- 
2 and '9 are elevated in patients with acute coronary syndrome, J Am Coil Cardiol 32:368-372 (1998). In the present 

IS study, no association between MMP-9 and the extent of atherosclerosis, and generally poor conrelations between MMP- 
9 and mari<ers of cardiac necrosis, such as CKMB and cTnl were observed. The relationship between MMP-9 and 
outcomes was similar between patients with unstable angina and those with myocardial infarction. 
[0146] The present example demonstrates the clinical utility of the association between elevations in individual maricers 
and outcome. Furthermore, there is a demonstrated benefit of using a multimaricer strategy that incorporates different 

20 independent maricers related to unique pathological processes for nsk stratification. The mariners chosen In this example 
are representative of myocardial damage (cTnl, cTnTIC. and FABP), ventricular dysfunction (BNP), matrix degradation 
or plaque rupture (MMP-9), Inflammation (MCP-1 and CRP), and coagulation activation (TpP). One who is sidlled In the 
art is aware that these pathological processes are independently associated with the adverse events described in this 
example. In this regard, alternative maricers of each these various pathological processes may be substituted for the 

25 markers in this example for risk stratification of ACS patients. Furthemriore, various combinations of markers for the 
various pathological processes may be useful in risk stratification of patients with ACS. 

Example 5: Diagnostic Utiilty 

30 [01 47] MMP-9 is elevated in ail levels of acute coronary systems, from unstable angina through ST-segment elevation 
myocardial Infarction (STEMI). The TIMI OPUS-16 study population could be segregated into three groups, unstable 
angina (UA), non-ST-segment elevation myocardial Infarction (NSTEMI), and STEMI. Of particular interest is the level 
of sensitivity (97.8-100%) at a specificity of 95% in the discrimination of unstable angina from nonnal healthy donors 
(T able 28). The most widely accepted marker of cardiac damage, Tnl only achieves slightly over 50% sensitivity In this 

35 subset of acute coronary syndromes. 



Table 28. Sensitivity and specificity of maricers in patients with unstable angina 



40 



45 



Time from Sympton Onset Specificity 


Unstable Angina Sensitivity 


BNP 


FABP 


MCP-1 


MMP-9 


TpP 


cTnTIC 


cTnl 


0-3hr 


94.8% 


60.9% 


5.3% 


10.5% 


100.0% 


45.0% 


0.0% 


43.8% 


0-6hr 


94.8% 


65.5% 


9.1% 


13.3% 


100.0% 


50.0% 


10.5% 


33.0% 


0-12 hr 


94.8% 


69.7% 


9.0% 


13.7% 


98.0% 


53.4% 


18.0% 


63.2% 


0-24 hr 


94.8% 


34.8% 


7.5% 


83.5% 


97.8% 


56.0% 


17.7% 


54.9% 



[0148] In individuals with either NSTEMI or STEMI, Tnl has excellent sensitivity and specificity, particularly between. 
6 h and 24 h from the time of symptom onset (T ables 29 and 30). The fact that MMP-9 is elevated in unstable angina 
while Tnl may be only slightly elevated provides a useful means of discriminating between the less serious unstable 
angina and the more serious myocardial infarction. Therapeutic options could be Influenced If the physician had this 
infomiation available. 
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